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Protein  hydrolysates  or  amino  acid  mix¬ 
tures  are  being  employed  widely  today  in 
clinical  medicine.  Present  practices  of  ad¬ 
ministering  these  preparations  either  orally 
or  parenterally  in  relatively  large  amounts 
have  emphasized  the  need  for  additional 
information  concerning  the  extent  to  which 
the  various  essential  amino  acids  are  lost  in 
the  urine. 

There  are  a  variety  of  approaches  to  the 
problems  of  the  excretion  of  amino  acids 
in  the  urine.  We  have  selected  to  employ, 
in  the  studies  to  be  reviewed  in  this  paper, 
certain  comparatively  recently  devised 
techniques  of  renal  physiology  whereby, 
under  a  variety  of  experimental  condi¬ 
tions,  the  fate  of  the  amino  acids  within 
the  kidney  may  be  fairly  well  traced.  For 
a  discussion  of  the  underlying  theory  and 
technique  involved  in  this  field  of  research, 
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reviews  by  Smith  and  others  *  may  be 
consulted. 

In  the  experiments  to  be  described, 
trained  female  dogs  were  employed.  In¬ 
fusion  of  the  amino  acids  at  definite  rates 
was  accomplished  by  the  use  of  an  electri¬ 
cally  driven  apparatus  permitting  constant 
rates  of  infusion.  The  amino  acids  were 
administered  via  the  radial  vein.  Creatin¬ 
ine  in  amounts  sufficient  to  permit  the  de¬ 
termination  of  reliable  creatinine  clear¬ 
ances  was  administered  subcutaneously  in 
aqueous  solution.  Blood  samples  were  ob¬ 
tained  from  the  femoral  vein.  All  urine 
samples  were  obtained  by  catheterization. 
The  bladder  was  washed  out  with  a  definite 
volume  of  water  prior  to  and  following  the 
collection  of  urine  samples  in  order  to  ob¬ 
tain  quantitative  urine  collections. 

Microbiological  methods  of  assay  have 
been  employed  in  the  determination  of 
plasma  levels  and  urine  concentrations  of 
the  various  amino  acids  studied.  Deter¬ 
minations  of  the  amino  acids  in  plasma 
were  carried  out  on  protein-free  filtrates 
prepared  according  to  the  method  of  Dunn 
et  al.^  Assays  on  suitably  diluted  urine 
samples  were  carried  out  without  previous 
treatment.  The  method  of  Stokes  et  al.* 
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Table  1 


Renal  Clearance  Studies  on  /(-) -Tryptophane 
Dog  84,  wt.  15.9  kg. 


Creatinine  Urine 
Time  clearance  flow 

/(—) -Tryptophane 

Plasma  Amount  Amount  Amount 

cone.  filtered  reabsorbed  excreted  Clearance 

Control:  Post-absorptive  state,  but  after  priming  dose  of  water  [ 

hr.  :min.  cc^min.  cc./min. 
0:10  56.7  2.40 

0:20  63.9  2.95 

mg./cc.  mg./min.  mg./min.  mg./min.  cc./min. 

0.014  0.76  0.76  0.002  0.18 

0.014  0.83  0.83  0.002  0.19 

Priming  0.75  mg./kg. — Maintenance  1.5  mg./kg./min. — Infusion  3  ccymin. 

0:45  52.8  2.80 

0:55  49.0  2.40 

0.051  2.69  2.68  0.009  0.19  I 

0.063  3.09  3.07  0.015  0.24  J 

Priming  0.75  mg.As- — Maintenance  1.5  mg./kg./min. — Infusion  3  cc./min. 

1:30  44.3  2.25 

1:41  46.3  2.08 

0.091  4.03  4.00  0.033  0.36  I 

0.118  5.46  5.42  0.045  0.39 

Priming  1.0  mg.Ag- — Maintenance  2.0  mg./kg./min. — Infusion  3  cc./min. 

2:12  46.0  1.82 

2:23  48.8  1.64 

0.164  7.54  7.47  0.072  0.44  I 

0.158  7.71  7.64  0.075  0.47  / 

employing  Streptococcus  faecalis  R  as  the 
assay  organism  was  used  for  the  determina¬ 
tion  of  arginine,  histidine,  methionine,  leu¬ 
cine,  isoleucine,  and  threonine.  The 
method  of  Kuiken  et  al.^  with  Lactobacillus 
arabinosus  was  used  for  the  determination 
of  leucine,  isoleucine,  and  valine.  Lysine 
was  measured  with  Leuconostoc  mesente- 
roides  P-60  according  to  Dunn  et  al.^  Phe¬ 
nylalanine  was  determined  with  Lacto¬ 
bacillus  casei  by  the  procedure  of  Dunn  et 
aW^  Tryptophane  was  assayed  with  Lacto¬ 
bacillus  arabinosus  according  to  Greene 
and  Black.®  ' 

The  first  phase  of  the  work  to  be  pre¬ 
sented  has  been  the  determination  of  the 
renal  clearances  at  normal  and  elevated 
plasma  levels  of  each  of  the  ten  amino 
acids  loosely  referred  to  as  “essential.” 
In  these  initial  experiments  involving  clear¬ 
ances  of  the  individual  amino  acids,  the 
plasma  levels  of  each  amino  acid  have 
been  elevated  to  at  least  10  times  that  of 
the  fasting  condition.  It  was  reasoned 
that  this  level  would  be  higher  than  any 
value  possible  to  obtain  following  the  ad¬ 
ministration  of  the  amino  acid  in  protein 
digests  or  complete  amino  acid  mixtures. 


Subsequent  investigations,  to  be  discussed 
later,  have  demonstrated  the  correctness  of 
this  assumption. 

Renal  clearance  data  with  tryptophane 
are  shown  in  table  1 .  The  experiment  de¬ 
scribed  lasted  about  hours  and  in¬ 
volved  the  determination  of  tryptophane  » 
clearances  in  the  post-absorptive  animal, 
followed  by  similar  clearances  at  various 
elevated  plasma  levels  of  tryptophane. 
Two  calculations  that  are  interrelated  in 
their  derivation,  namely,  the  amount  of 
tryptophane  reabsorbed  by  the  tubules  in 
proportion  to  that  filtered  at  the  glomerulus 
and  the  clearance  of  tryptophane  in  com¬ 
parison  to  that  of  creatinine,  serve  to  dem¬ 
onstrate  that  tryptophane  when  adminis¬ 
tered  alone  is  well  reabsorbed  by  the  renal 
tubules  at  all  plasma  levels  feasible  for 
study. 

The  amino  acids  leucine,  isoleucine, 
valine,  histidine,  methionine,  phenylala¬ 
nine,  and  threonine  have  been  examined  in 
a  similar  fashion  and  resemble  tryptophane 
in  tliat  tubular  reabsorption  is  essentially 
complete  following  glomerular  filtration 
from  plasma  levels  up  to  at  least  10  times 
that  of  the  fasting  state.*'^^ 
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Table  2 


Renal  Clearance  Studies  on  /(-|-) -Arginine 
Dog  84,  wt.  16.1  kg. 


Time 

Renal 
plasma 
flow  PAH 

Creatinine 

clearance 

Urine 

flow 

/(-j-) -Arginine  j 

Plasma 

cone. 

Amount 

Altered 

Amount 

reabsorbed 

Amount 

excreted 

Clearance 

Control:  Post-absorptive  but  after  priming 

dose  of  water 

mg./cc. 

mg./min. 

mg./min. 

mg^min. 

cc./min. 

BVrBiiBi 

K  ilMl 

0.031 

2.46 

2.46 

0.004 

0.13 

B  Oil 

0.018 

1.26 

1.25 

0.005 

0.33 

Priming  2.0  mg./kg. — Maintenance  2.0  mg./  kg./min. — Infusion  3  cc./min.  [ 

0:50 

205.8 

77.8 

4.90 

Kira 

8.71 

8.70 

0.010 

0.09  1 

1:00 

78.3 

4.90 

11.98 

11.96 

0.017 

0.11  1 

Priming  3.0  mg. /kg. — Maintenance  6.0  mg.  Ag-/niin. — Infusion  3  cc./min. 
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ne 
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1:30  68.1 

1:40  177.5  57.8 

5.60 

5.80 

0.338 

0.458 

23.02 

26.47 

12.03* 

12.80* 

10.99 

13.67 

28.3 

29.8 

Priming  4.0  mg.Ag- — Maintenance  10  mgykg./min. — Infusion  3  cc./min. 

2:10  174.6  60.7 

6.64 

0.680 

41.28 

10.75* 

2:20  63.6 

6.78 

0.720 

45.79 

8.42* 

*Tm  =  12.02,  12.80,  10.75  and  8.42  (average  11.00)  mg./min. 


Table  2  summarizes  renal  clearance 
studies  with  arginine.  As  the  plasma  level 
of  this  amino  acid  was  elevated,  resulting 
in  commensurate  increases  in  the  amount 
of  amino  acid  filtered,  there  was  encoun¬ 
tered  a  plateau  in  the  amount  of  the  com¬ 
pound  that  may  be  reabsorbed  amounting 
to  about  1 1  mg./min.  This  value  is  spoken 
of  as  maximal  rate  of  tubular  reabsorption 
or  Tm.^® 

The  amino  acid  lysine  is  quite  similar  to 
arginine  in  being  poorly  reabsorbed  follow¬ 
ing  filtration  from  elevated  plasma  levels. 
The  Tm  for  lysine  is  approximately  13 
mg./min.  fora  dog  of  about  15  kilos.^® 

This  phase  of  the  work  may  be  summar¬ 
ized  by  saying  that  eight  of  the  essential 
amino  acids  leucine,  isoleucine,  valine, 
methionine,  histidine,  threonine,  phenyla¬ 
lanine,  and  tryptophane  are  reabsorbed 
well  at  elevated  plasma  levels  while  two, 
arginine  and  lysine,  are  poorly  reabsorbed 
at  elevated  plasma  levels. 

Having  demonstrated  that  the  individual 
essential  amino  acids  vary  with  respect  to 
the  extent  to  which  they  are  reabsorbed  by 
the  kidney  following  filtration  from  ele¬ 


vated  plasma  levels,  it  has  been  of  interest 
to  inquire  what  effect,  if  any,  the  reabsorp¬ 
tion  of  one  essential  amino  acid  may  have 
on  the  reabsorption  of  another  related  or 
unrelated  amino  acid.  The  next  phase  of 
this  discussion  describes  certain  studies 
wherein  various  pairs  of  amino  acids  were 
administered  together  and  their  competi¬ 
tion  for  reabsorption  by  the  renal  tubules 
investigated.^*  These  studies  have  involved 
the  coadministration  of  (a)  two  amino 
acids  well  reabsorbed  at  high  plasma  con¬ 
centration,  (b)  two  amino  acids  relatively 
poorly  reabsorbed  at  high  plasma  levels, 
or  (c)  two  amino  acids  one  of  which  was 
poorly  reabsorbed  and  the  other  well  re¬ 
absorbed  when  each  was  administered 
alone. 

Table  3  illustrates  an  instance  of  com¬ 
petition  for  reabsorption  between  the 
amino  acids  arginine  and  lysine.  In  the 
first  phase  of  the  experiment,  the  effect  of 
arginine,  at  filtration  loads  sufficient  to 
measure  its  Tm,  on  the  reabsorption  and 
clearance  of  endogenous  lysine  was  stud¬ 
ied.  In  the  second  phase  of  the  experi¬ 
ment,  the  mutual  effect  of  the  two  com- 
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Table  3 


Competition  between  Arginine  and  Lysine  for  Tubular  Reabsorption 
Dog  365,  wt.  13.9  kg. 


Creatinine  Urine 
clearance  flow 

1 

1(-|-) -Arginine 

/(-|-) -Lysine 

Plasma  Amount  Amount  Clear- 
conc.  filtered  reabsorbed  ance 

Plasma  Amount  Amount  Clear- 
conc.  filtered  reabsorbed  ance 

Arginine  dosage;  Priming,  4.0  mg./kg.,  i.v.;  maintenance,  7.0  mg./kg./min.,  i.v.  for  the  dura¬ 
tion  of  the  experiment.  Infusion  rate,  3.0  cc./min.  Equilibration  period  of  arginine  in¬ 
fusion  before  initial  clearance,  25  min. 

cc./min.  cc./min. 
67.7  7.7 

67.0  8.2 

mg./cc.  mg./min.  mg./min.  cc./min. 
0.31  20.85  9.67  36.29 

0.38  25.73  9.46  42.37 

mg./cc.  mgymin.  mg./min.  cc./min. 
0.048  3.25  1.75  31.3 

0.051  3.42  1.93  29.2 

Lysine  dosage:  Priming,  4.0  mg.Al?->  i-v.J  maintenance,  7.0  mg.Ag-/niin.,  i.v. 

Arginine  dosage:  Maintenance,  7.0  mg.Ag-/nrin.,  i.v.  Equilibration  period  of  arginine  plus 
lysine  infusion  before  next  clearance,  25  min. 

58.0  10.4 

59.7  10.3 

0.54  31.15  3.05  52.82 

0.61  36.60  5.10  51.38 

0.40  23.03  3.13  50.10 

0.46  27.70  2.64  54.00 

pounds  at  elevated  plasma  concentration 
on  their  respective  reabsorption  capacities 
was  studied. 

The  results  of  table  3  show  that  the 
reabsorption  of  arginine  at  elevated  plasma 
concentration,  or  filtration  load,  suppressed 
the  tubular  reabsorption  of  endogenous  ly¬ 
sine  significantly.  This  effect  is  the  more 
apparent  if  it  is  recalled  that,  at  an  en¬ 
dogenous  plasma  concentration  of  lysine 
alone,  its  clearance  was  0.14  cc./min.  as 
compared  with  clearances  of  about  30  cc./ 
min.  in  the  present  study  at  similar  plasma 
concentrations. 

At  elevated  plasma  concentrations  of  ar¬ 
ginine  and  ly.sine  simultaneously  adminis¬ 
tered,  Tm  values  of  3-5  mg./min.  for  ar¬ 
ginine  and  2-3  mg./min.  of  lysine  were 
encountered.  If  it  is  recalled  that  the  Tm 
for  lysine  administered  alone  is  about  13 
mg./min.,  the  conclusion  seems  justified 
that  the  reabsorption  of  one  amino  acid  of 
this  pair  results  in  impaired  reabsorption 
of  the  other  member.  In  passing,  it  might 
be  mentioned  that  it  has  been  possible,  in 
at  least  one  experiment,  to  inhibit  lysine 
reabsorption  completely  by  the  administra¬ 
tion  of  arginine.  In  other  words,  all  the 
lysine  filtered  by  the  glomerulus  was  elim¬ 
inated  in  the  urine. 

Other  instances  of  competition  of  amino 


acids  for  reabsorption  or  interference  of 
one  amino  acid  with  tubular  reabsorption 
of  another  amino  acid  have  been  noted. 
This  phenomenon  has  not  been  observed, 
however,  with  all  the  amino  acid  pairs  in¬ 
vestigated.  Apparently,  there  exist  certain 
pairs  of  amino  acids  where  competition  for 
reabsorption  is  demonstrable  and  certain 
pairs  of  amino  acids  for  which  no  competi¬ 
tion  can  be  shown.  We  have  attempted  to 
correlate  this  information  in  terms  of.  what 
it  may  mean  with  respect  to  mechanisms 
by  which  amino  acids  in  general  are  re¬ 
absorbed  by  the  kidney  tubules.  We  have 
postulated  that  those  amino  acids  which 
can  compete  with  each  other  for  reabsorp¬ 
tion  are  reabsorbed  by  a  common  mechan¬ 
ism.  Furthermore,  where  competition  for 
reabsorption  cannot  be  demonstrated  for 
two  amino  acids,  it  would  follow  that  these 
two  amino  acids  belong  to  separate  groups 
with  respect  to  mechanisms  of  tubular  re¬ 
absorption.  Figure  1  summarizes  the  re¬ 
sults  of  such  an  interpretation.  One  re¬ 
absorption  mechanism  appears  to  be  con¬ 
cerned  with  reabsorption  of  the  basic  amino 
acids  arginine,  histidine,  and  lysine.  A  sec¬ 
ond  reabsorption  mecharJsm  may  be  post¬ 
ulated  to  exist  for  at  least  the  monoamino- 
monocarboxylic  amino  acids  leucine  and 
isoleucine.  Apparently,  at  least  a  third 
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Group  I 
Arginine 
Histidine 
Lysine 


Group  II 

•  1=  =  — Leucine - 

I  ( - Isoleucine- 


I  Group  III  J  I 

I - — Glycine 

Figure  1.  Classification  of  amino  acids  into  groups  with  respect  to  probable  mechanism  of  reabsorption.  Solid 
ines  indicate  established  interference;  broken  lines  indicate  no  demonstrable  interference. 


mechanism  of  reabsorption  exists,  for  it  has 
been  impossible  to  demonstrate  a  relation¬ 
ship  between  glycine  and  members  of 
either  group  I  or  II. 

It  is  obvious  from  our  knowledge  of  the 
biological  value  of  proteins  that  the  admin¬ 
istration  of  single  amino  acids  or  incom¬ 
plete  amino  acid  mixtures,  except  in  cer¬ 
tain  isolated  instances,  is  of  no  practical 
value.  A  few  experiments  have  been  car¬ 
ried  out  on  the  renal  clearances  of  certain 
amino  acids  following  the  intravenous  ad¬ 
ministration  of  the  ten  essential  amino 
acids  or  an  acid  hydrolysate  of  casein  re¬ 
inforced  with  tryptophane.  It  should  be 
appreciated  that  the  amount  of  amino  acid 


no  demonstrable  interference. 

mixture  or  protein  hydrolysate  that  can  be 
administered  intravenously  to  an  animal  is 
quite  low.  Such  preparations,  when  ad¬ 
ministered  at  too  great  a  rate,  usually  cause 
severe  nausea  and  oliguria.  Accordingly, 
although  we  can  administer  an  amino  acid 
mixture  or  protein  hydrolysate  in  amounts 
as  large  as  we  have  been  able  to  do  with 
single  amino  acids  because  any  one  amino 
acid  comprises  only  a  small  fraction  of  a 
complete  protein,  we  have  not  been  able  in 
this  way  to  elevate  the  plasma  levels  of 
various  amino  acids  to  those  levels  readily 
obtained  by  single  amino  acid  administra¬ 
tion. 


Table  4 

Renal  Clearance  Studies  of  Arginine  and  Threonine  Administered  in  a  Mixture  of  the 
Ten  Essential  Amino  Acids 

Dog  370,  wt.  14.6  kg. 


dZ-Threonine 


/(-|- )- Arginine 

clearance  flow 

Plasma  Amount  Amount  Clear- 
conc.  filtered  reabsorbed  ance 

cc./min.  cc./min. 


Plasma  Amount  Amount  Clear- 
conc.  filtered  reabsorbed  ance 


Control:  Post-absorptive  but  after  priming  dose  of  water 


mg./cc.  mg./min.  mg./min.  cc./min.  mg./cc.  mg./min.  mg./min.  cc./min. 


Amino  acid  mixture  dosage:  Priming  4.0  mg.Ag->  i-v.;  Maintenance  4.0  mg/kg./min.  In¬ 
fusion  rate  6  cc./min.  Equilibration  period  of  infusion  before  initial  clearance  30  min. 


76.1 

78.9 

3.8 

3.4 

0.026 

0.032 

1.98 

2.52 

1.96 

2.50 

0.61 

0.61 

0.059 

0.069 

4.49  4.45 

5.44  5.39 

0.71 

0.78 

Amino  acid  mixture  dosage:  Priming  8.0 

mg.Ag-i  i-v.  Maintenance  8.0  mg./kg./min.  In- 

fusion  rate  6  cc./min.  Equilibration  period  of  infusion  before  initial  clearance  30  min. 

77.2 

1.2 

0.039 

3.01 

2.98 

0.75 

0.095 

7.33  7.14 

1.95 

62.8 

0.5 

0.040 

2.51 

2.48 

0.83 

0.102 

6.41  6.23 

1.72 
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Table  4  summarizes  an  experiment 
wherein  a  mixture  of  the  ten  essential 
amino  acids  was  administered  in  the  indi¬ 
cated  amounts.  Arginine  was  selected  for 
study  because,  from  our  studies  of  the  renal 
clearances  of  the  separate  amino  acids,  ar¬ 
ginine  was  found  to  have  the  lowest  Tm 
and,  consequently,  might  be  expected  to  be 
the  first  amino  acid  to  appear  in  the  urine. 
Threonine  was  studied  because  it  has  been 


observed  to  be  one  of  the  amino  acids  ex¬ 
creted  in  greatest  amount  following  filtra¬ 
tion  from  a  fasting  plasma  level.  When 
the  ten  essential  amino  acids  were  adminis¬ 
tered  at  approximately  the  maximal  toler¬ 
ated  amount,  there  was  no  indication  that 
the  maximal  rate  of  tubular  reabsorption 
of  either  arginine  or  threonine  had  been 
even  approached. 

Table  5  summarizes  an  experiment 


Table  5 

Renal  Clearance  Studies  of  Arginine  and  Threonine  Administered  in  the  Form  of  Acid 
Hydrolyzed  Casein  plus  Tryptophane 


Dog  84,  wt.  17.8  kg. 


Creatinine  Urine 
clearance  flow 

l(-l-) -Arginine 

di-Threonine 

Plasma  Amount  Amount  Clear- 
conc.  filtered  reabsorbed  ance 

Plasma  Amount  Amount  Clear- 
conc.  filtered  reabsorbed  ance 

Control:  Post-absorptive  but  after  priming  dose  of  water 

cc./min.  cc./min 
101.3  6.95 

97.2  6.95 

mg./cc.  mg./min.  mg./min.  cc./min. 
0.010  1.01  1.00  1.27 

0.012  1.17  1.16  0.78 

mg./cc.  mg./min.  mg./min.  cc./min. 
0.063  6.38  6.37  0.20 

0.063  6.12  6.11  0.12 

Casein  dosage:  Priming  4.0  mg./kg.,  i.v.j  Maintenance  4.0  mg./kg./min.  Infusion  rate 

3  cc./min.  Equilibration  period  of  infusion  before  initial  clearance  30  min. 

90.5  6.80 

90.4  7.10 

0.066  5.97  5.95  0.34 

0.072  6.51  6.47  0.48 

Casein  dosage:  Priming  8.0  mg./kg.,  i.v.;  Maintenance  8.0  mg.A8-/min.  Infusion  rate 

3  cc./min.  Equilibration  period  of  infusion  before  initial  clearance  30  min. 

92.4  8.55 

89.4  8.20 

0.017  1.57  1.54  1.78 

0.019  1.70  1.67  1.68 

0.067  6.19  6.14  0.75 

0.072  6.44  6.38  0.75 

where  an  acid  hydrolysate  of  casein  plus 
tryptophane  was  administered  to  a  dog  at 
the  maximal  tolerated  dose.  Here,  as  with 
the  amino  acid  mixture,  arginine  and  thre¬ 
onine  were  not  eliminated  in  excessive 
amounts  in  the  urine. 

In  summarizing  this  paper,  the  following 
conclusions  may  be  made: 

(1)  Amino  acids  vary  with  respect  to 
the  efficiency  with  which  they  are  reab¬ 
sorbed  following  filtration  from  elevated 
plasma  levels. 

(2)  Certain  amino  acids  may  compete 
with  each  other  for  reabsorption  by  the 
renal  tubules.  Such  competition  studies 
have  indicated  the  existence  of  more  than 
one  functional  mechanism  involved  in  the 
reabsorptive  process  of  amino  acids. 


(3)  The  intravenous  administration  of 
amino  acid  mixtures  or  protein  hydroly¬ 
sates  to  the  intact  animal  does  not  result 
in  plasma  levels  of  the  individual  amino 
acids  such  that  their  maximal  rate  of  tub¬ 
ular  reabsorption  is  exceeded. 

(4)  Plasma  levels  of  the  various  amino 
acids  following  the  intravenous  adminis¬ 
tration  of  amino  acid  mixtures  or  protein  I 
hydrolysates  are  too  low  for  marked  com¬ 
petitive  inhibition  of  reabsorption  to  be  ^ 
encountered. 
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quality  protein.®  The  superiority  of  pro¬ 
tein  is  generally  assumed  to  depend  upon 
the  presence  of  dietary  factors  other  than 
amino  acids  in  the  protein. 
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Mixtures  of  9  or  10  “essential”  amino 
acids  have  been  found  to  promote  growth 
in  weanling  rats.^  Recently,  it  has  been 
demonstrated  ^  that  the  same  amino  acids 
also  satisfy  the  repletion  requirements  of 
protein-depleted  adult  rats.  Rose  and 
Rice  ®  reported  that  the  amino  acid  re¬ 
quirements  of  the  adult  dog  are  qualita¬ 
tively  similar  to  those  of  the  weanling  rat. 
The  ten  “essential”  amino  acids  of  Rose 
have  also  been  found  to  satisfy  the  require¬ 
ments  of  the  adult  dog  for  plasma  protein 
production,  nitrogen  balance,  and  weight 
maintenance.* 

When  paired-feeding  is  not  employed, 
the  growth  of  rats  supplied  amino  acids 
does  not  equal  the  growth  of  rats  fed  high- 

•  Merck  Institute  for  Therapeutic  Research  and  the 
Research  Laboratories,  Merck  &  Co.,  Inc.,  Rahway,  N.  J. 


The  Growth  and  Maintenance  of  Dogs 
Fed  Mixtures  of  Amino  Acids,  Free  of  the 
D-Forms  and  Peptides.  A  litter  of  six  12 
week-old  Beagle  puppies,  weighing  about 
3.5  kg.  each,  was  divided  into  3  groups — 2 
pups  were  fed  a  protein-free  diet,®  2  re¬ 
ceived  the  same  diet  with  20  per  cent 
amino  acids  added,  and  2  received  20  per 
cent  Labco  casein  in  the  diet.  Paired 
feeding  was  employed. 

For  a  period  of  12  weeks,  the  amino 
acid-fed  pups  gained  an  average  of  0.4  kg. 
per  week,  whereas  the  pair-fed  casein  con¬ 
trol  pups  gained  0.43  kg.  per  week.  The 
pups  that  received  protein-free  diet  lost 
about  0.5  kg.  each  in  4  weeks  and  were 
then  offered  the  amino  acid  diet.  A  gain 
in  weight  of  0.26  kg.  per  week  resulted  dur¬ 
ing  the  12-week  repletion  period. 
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Blood  chemistry,  urinary  analyses,  and 
bromsulfalein  retention  tests  revealed  only 
one  significant  difference  between  the  pups 
fed  casein  or  amino  acids.  The  feeding  of 
amino  acids  favored  the  production  of 
serum  albumin  and  liver  protein,  relative 
to  casein  feeding. 

In  the  first  3  or  4  days  of  the  experiment, 
the  pups  consumed  their  amino  acid  diets 
rapidly  and  vomited  shortly  thereafter. 
Subsequently,  they  learned  to  consume  the 
diet  in  small  portions  and  succeeded  in 
retaining  sufficient  amounts  for  growth. 
It  is  important  to  note  that,  if  the  pups  had 
not  learned  to  consume  the  diet  in  this 
way,  it  might  have  been  considered  inade¬ 
quate  in  the  usual  nutritional  sense,  al- 
Aough  all  essential  factors  were  present. 

Since  both  dogs  and  rats  have  shown 
evidence  of  a  physiological  disturbance 
(nausea  or  diarrhea)  when  amino  acid 
mixtures  or  protein  hydrolysates  are  given 
orally,  it  seems  logical  to  assume  that  there 
may  be  a  physiological  limitation  of  the 
voluntary  intake  of  amino  acid-containing 
diets,  and  may  therefore  explain,  at  least 
in  part,  the  inability  of  animals  to  grow  as 
rapidly  on  amino  acid  diets  as  on  protein 
diets  supplied  ad  libitum. 

The  maintenance  of  adult  dogs  fed  or 
injected  with  amino  acids  as  the  sole 
source  of  dietary  nitrogen  was  also  stud¬ 
ied.  Two  adult  dogs  were  fed  1.5  gm.  of 
casein  (200  mg.  N)  and  80  calories  per 
kg.  per  day  for  a  period  of  64  days.  Two 
other  dogs  received  an  equivalent  amount 
of  nitrogen  in  the  form  of  an  amino  acid 
mixture,  in  the  diet  for  40  days  and  by  vein 
for  the  subsequent  24  days.  Two  addi¬ 
tional  dogs  served  as  negative  controls  and 
received  a  protein-free  diet  throughout  the 
test  period. 

Body  weights  and  nitrogen  balance  were 
maintained  in  the  dogs  fed  either  amino 
acids  or  casein.  Blood  chemistry  and  urin¬ 
ary  analyses  revealed  only  minor  differences 
between  the  animals.  However,  as  in  the 
pup  experiment,  amino  acid  feeding  fa¬ 
vored  serum  albumin  and  liver  protein 
formation,  relative  to  casein  feeding. 


The  Excretion  of  Ammo  Acids  and  f 
Peptides  by  Dogs  Fed  Protein  Hydrolysates  * 
and  Amino  Acid  Mixtures  Orally  or  Intra-  * 
venously.  Six  preparations,  designed  for 
intravenous  alimentation  of  man,  were  ® 
given  orally  or  parenterally  to  dogs  pre-  ' 
viously  maintained  at  a  low  level  of  protein 
nutrition  by  the  feeding  of  120  mg.  of  lac- 
talbumin  nitrogen  per  kg.  per  day.  Each  ® 
preparation  was  administered  to  each  of  3  ^ 

or  4  dogs  for  a  period  of  4  days  and  urines  ^ 
were  collected  quantitatively  for  analysis.  ® 
The  excretion  of  amino  acids,  peptides,  and  ® 
total  nitrogen  was  compared  with  the  ex-  ® 
cretion  found  after  the  oral  administration  “ 
of  an  equivalent  amount  of  lactalbumln 
nitrogen. 

Four  of  the  preparations  contained  25  |  ^ 
to  45  per  cent  of  their  amino  acids  in  pep-  j  ® 
tide  form.  Two  contained  no  peptides,  j  “ 
After  oral  administration,  0.3  to  4.3  per  j 
cent  of  the  free  amino  acids  and  2  to  10.5  j 
per  cent  of  the  peptides  were  lost  in  the  f 
urine.  Nitrogen  balance  experiments*  in  t  ^ 
dogs  showed  that  all  preparations  were  [ 
approximately  equal  to  casein  in  biologi- 
cal  value,  with  61  to  73  per  cent  of  the  ® 
nitrogen  retained  in  the  body  after  oral 
administration.  ^ 

When  the  same  preparations  were  in- 
fused  intravenously  at  a  rate  of  2  mg.  N 
per  kg.  per  min.,  5  to  20  per  cent  of  the 
free  amino  acids  and  18  to  45  per  cent  of  j 
the  peptides  administered  were  found  in 
the  urine.  The  dogs  infused  with  the  prep-  } 
aration  which  had  the  highes  t  peptide  con-  | 
tent  also  excreted  the  largest  fraction  of  j 
peptides  (45  per  cent).  Furthermore,  all  ' 
of  the  nitrogen  of  this  preparation  was  lost  j 
in  the  urine,  although  it  had  been  pre¬ 
viously  demonstrated  that,  after  oral  ad¬ 
ministration,  its  biological  value  (nitrogen 
retention)  was  equal  to  that  of  the  other 
five  preparations.  Such  a  preparation  , 
would  not  necessarily  be  valueless  for  in-  ) 
travenous  therapy  in  man,  but  the  results 
emphasize  the  necessity  of  proving  that  a 

•  The  design  of  the  nitrogen  balance  experiments  was 
the  result  of  a  group  effort  (U.S.P.  Subcommittee,  headed 
by  Drs.  J.  B.  Allison  and  D.  V.  Frost)  and  will  be  re 
ported  as  such  at  a  later  date. 
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preparation  designed  for  intravenous  use 
b  available  by  this  route  when  given  to  the 
species  for  which  it  is  intended. 

When  the  daily  intake  of  protein  hydroly¬ 
sate  or  amino  acid  mixture  was  infused 
very  rapidly  ( 15  min.),  only  25  per  cent  of 
the  nitrogen  was  retained.  This  was  due 
to  an  increased  excretion  of  urea  and  am¬ 
monia  nitrogen,  not  to  excessive  loss  of 
amino  acids  in  the  urine,  as  suggested  by 
Elman.'^  A  four-fold  increase  in  the  rate 
of  infusion  (2  mg.  N  per  kg.  per  min.  to 
8  mg.  N  per  kg.  per  min. )  caused  a  mod¬ 
erate  increase  in  the  loss  of  free  amino  acids 
in  the  urine  (5  to  15  per  cent),  but  had  no 
effect  on  the  excretion  of  peptides  (40  per 
cent) .  This  suggests  that  the  loss  of  pep¬ 
tides  in  the  urine  is  not  primarily  a  problem 
of  kidney  threshold — that  certain  peptides 
cannot  be  utilized  after  intravenous  admin¬ 
istration,  whether  given  at  slow  or  fast  rates. 
In  this  connection,  it  is  of  interest  that 
some  of  the  peptides  were  not  utilized  even 
after  oral  feeding.  These  data  support 
the  finding  of  Christensen*  that  intra¬ 
venously  administered  amino  acids  are 
more  readily  utilized  than  peptides. 

The  Relationship  Between  Intake  and 
Excretion  of  Essential  Amino  Acids  in 
Dogs.  In  this  study,  3  different  amino 
acid  mixtures  were  infused  into  2  normal 
f  dogs  at  rate  of  6  mg.  N  per  kg.  per  min. 

I  and  the  urines  were  assayed  by  the  methods 
,  of  Stokes®  for  the  essential  amino  acids. 


The  total  nitrogen  intake  was  200  mg.  N 
per  kg.,  and  this  was  the  only  source  of 
dietary  nitrogen  supplied  during  the  one- 
day  experiment.  Approximately  10  per 
cent  of  the  amino  acids  administered  were 
excreted  in  the  urine. 

After  the  first  experiment,  the  amino 
acid  mixture  was  altered  on  the  hypothesis 
that  a  disproportionately  large  excretion  of 
any  one  essential  amino  acid  indicates  that 
it  is  present  in  excess  in  the  mixture,  and, 
conversely,  that  a  disproportionately  small 
excretion  indicates  that  it  is  present  in  an 
inadequate  amount.  The  concept  is  essen¬ 
tially  the  same  as  that  involved  in  vitamin 
saturation  tests,  but  is  applied  here  to  the 
relative  needs  of  the  body  for  the  various 
amino  acids. 

As  shown  in  table  1,  it  has  been  pos¬ 
sible  to  greatly  decrease  or  eliminate  the 
differences  between  the  proportions  admin¬ 
istered  and  those  excreted.  Thus,  appli¬ 
cation  of  the  above  hypothesis  apparently 
makes  it  possible  to  determine  the  com¬ 
position  of  an  amino  acid  mixture  which, 
after  infusion  into  normal  dogs  at  a  uni¬ 
form  rate,  will  be  excreted  in  essentially 
the  same  proportions  (or  pattern)  as  in 
the  mixture  given. 

If  the  capacity  of  the  absorptive  mech¬ 
anism  (s)  of  the  renal  tubules  is  exceeded 
in  these  experiments,  one  amino  acid  (or 
more)  may  tend  to  “spill”  into  the  urine. 
If  this  occurs,  it  might  not  be  possible  to 
determine  the  proportion  of  that  amino 


Table  1 

The  Proportions  of  Essential  Amino  Acids  in  the  Mixtures  and  in  the 
Urines  of  Dogs  after  Infusion 


Experiment  1  Experiment  2  Experiment  3 

Amino  acid  Mixture,  %  Urine,  %  Mixture,  %  Urine,  %  Mixture,  %  Urine,  % 


Arginine  .  9.2  10.0  7.1  3.5  8.1  3.5 

Histidine  .  4.2  9.9  2.1  5.7  1.0  1.4 

,  Isoleucine  .  10.8  4.1  13.6  9.0  14.4  10.2 

'  Leucine  .  24.3  12.4  31.4  25.6  33.2  34.2 

'  Lysine  .  13.6  33.4  6.9  12.9  3.3  5.3 

Methionine  .  8.5  3.0  9.9  6.9  12.0  11.6 

'  Phenylalanine  .  12.1  4.8  11.9  10.5  13.1  8.8 

Threonine  .  7.5  19.0  4.1  13.3  2.8  9.3 

Tryptophane  .  1.3  0.3  1.8  1.2  2.0  2.1 

Vaiine  .  8.5  4.2  11.0  11.6  10.0  13.3 
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acid  which  will  be  repeated  in  the  urine, 
due  to  the  low  threshold.  Threonine  may 
be  such  an  exception,  since  extrapolation 
of  the  values  obtained  with  this  amino 
acid  indicate  that  threonine  will  be  ex¬ 
creted  in  a  larger  proportion  in  the  urine 
regardless  of  the  proportion  in  the  infused 
mixture.  Another  interpretation  of  this 
result  is  that  threonine  is  not  needed  by 
the  dog  under  these  conditions,  which 
seems  unlikely. 

The  specificity  of  the  assay  procedures 
for  amino  acids  in  urine  is  another  limiting 
factor.  It  may  be  necessary  to  revise  these 
results  as  more  knowledge  of  the  assay 
methods  is  obtained.  The  excretion  of 
ketoacids  of  the  essential  amino  acids 
would  not  complicate  the  experiment  if  the 
microbial  assays  detect  these  forms. 

Since  low  renal  thresholds  for  certain 
amino  acids  could  seriously  limit  their 
utilization  by  the  tissues,  experiments  are 
now  being  designed  to  minimize  the  role 
of  the  kidney,  that  is,  a  lower  intake  and 
a  lower  rate  of  infusion  are  being  em¬ 
ployed.  Furthermore,  the  dogs  are  main¬ 
tained  for  two  weeks  at  a  basal  level  of 
protein  nutrition  prior  to  infusion  for  a 
period  of  4  days. 

It  remains  to  be  determined  how  ac¬ 
curately  this  approach  reflects  the  relative 
amino  acid  needs  of  the  animal.  If  the 
small  fraction  of  the  infused  mixture 
which  is  excreted  in  the  urine  (about  10 
per  cent)  has  the  same  relative  composi¬ 
tion,  or  pattern,  of  amino  acids  as  the 
infused  mixture,  it  follows  that  the  remain¬ 
ing  90  per  cent,  having  the  same  relative 


URINARY  EXCRETION  OF  INDIVID¬ 
UAL  AMINO  ACIDS  ON  NORMAL 
AND  LOW  PROTEIN  DIETS 

By  STANLEY  W.  HIER* 

The  precise  measurement  of  the  quan¬ 
tities  of  zunino  acids  excreted  in  the  urine 
is  complicated  by  a  number  of  factors. 
First,  the  amino  acids  are  present  in  con¬ 
jugated  and  peptide  forms  as  well  as  in 

*  The  Wilson  Laboratories,  Chicago,  Illinois. 


composition,  was  metabolized  in  the  body. 
This  must  reflect,  at  least  in  part,  the  needs 
of  the  animal  under  the  conditions  of  the 
experiment. 

Whether  this  approach  reveals  specific 
amino  acid  needs  or  merely  an  increased 
need  for  certain  amino  acids,  it  may  be 
useful  in  the  future  in  designing  amino 
acid  mixtures  for  specific  types  of  patients. 
Thus,  a  study  of  this  nature,  if  carried 
out  in  a  group  of  similar  patients,  may 
lead  to  the  “tailoring”  of  an  amino  acid 
mixture  for  such  patients. 
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free  form.  Second,  numerous  derivatives 
and  metabolites  of  the  amino  acids  are  also  : 
excreted.  Third,  the  presence  of  am¬ 
monia,  urea,  and  salt  may  influence  i 
chemical  or  microbiological  tests.  ' 

Our  experience  in  this  field  has  been 
limited  to  microbiological  methods  which 
we  have  applied  successfully  to  blood 
plasma,  spinal  fluid,  and  lymph.  The 
presence  of  urea  in  urine  has  created  a  I 
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special  problem  in  the  handling  of  this 
body  fluid,  particularly  for  the  determina¬ 
tion  of  the  free  amino  acids  present  in 
normal  urine.  Dilutions  of  only  1-2  or  1-4 
are  permissible  in  some  cases  to  measure 
the  small  amounts  of  free  amino  acids  pres¬ 
ent.  At  this  low  dilution,  the  amount  of 
urea  will  be  between  .5-12  mg./cc.  of  the 
assay  sample.  This  concentration  has  a 
marked  depressing  effect  upon  the  growth 
of  test  organism  as  measured  by  acid  pro¬ 
duction.  Part  of  this  effect  is  due  to  the 
formation  of  ammonia  upon  autoclaving 
the  media,  since  the  pH  is  markedly  in¬ 
creased  as  the  concentration  of  urea  is  in¬ 
creased.  However,  urea  as  such,  intro¬ 
duced  aseptically,  will  also  inhibit  growth. 

The  values  we  report  for  free  amino 
acids  were  obtained  by  using  only  those 
levels  of  sample  which  supplied  less  than 
3  mg.  of  urea  per  tube.  Nevertheless,  one 
hesitates  to  state  that  these  values  are  abso¬ 
lute,  in  view  of  the  uncertainty  as  to  the 
influence  of  the  urea.  We  feel  that  the 
determination  of  excretion  of  the  total 
amount  of  the  individual  amino  acids  ex¬ 
creted  has  a  much  higher  degree  of  sig¬ 
nificance  because  the  urea  effect  is  elimi¬ 
nated.  The  urine  is  made  2  N  with  HCl 
and  autoclaved  at  15  at.  pressure  for  5 
hours.  For  tryptophane,  alkaline  hydroly¬ 


sis  is  employed.  In  this  way,  all  the  urea 
is  eliminated  and  very  good  recoveries  are 
obtained.  The  procedure  is  not  particu¬ 
larly  satisfactory  for  cystine,  which  is  de¬ 
stroyed  by  acid  hydrolysis.  The  trypto¬ 
phane  analysis  also  creates  a  problem, 
since  the  extent  of  racemization  is  un¬ 
known. 

With  these  considerations  in  mind,  I 
should  like  to  present  data  which  have 
been  obtained  in  studies  on  the  influence 
of  diet  on  amino  acid  excretion. 

On  normal  diets^  (table  1),  it  may  be 
seen  that  the  mean  value  for  excretion  of 
aspartic  acid  in  free  form  is  1.3  mg./day, 
while  histidine  is  excreted  at  the  rate  of 
188  mg./day.  The  amount  excreted  of  the 
remaining  amino  acids  shown  falls  in  be¬ 
tween.  When  the  totals  (free  and  com¬ 
bined)  are  considered,  the  range  is  from 
20.3  mg./day  for  isoleucine  to  351.4 
mg./day  for  glutamic  acid. 

The  range  for  individuals  may  be  seen 
to  be  at  least  3-fold  or  greater  for  each 
amino  acid.  Only  a  small  portion  of  the 
glutamic  acid  and  aspartic  acid  is  excreted 
in  free  form,  while  practically  all  the 
histidine  is  excreted  in  free  form  (or  at 
least  microbiologically  active  form).  The 
other  amino  acids  fall  intermediate  be¬ 
tween  these  in  the  relative  amounts  of 
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Table  1 

Urinary  Excretion  of  “Free”  and  “Combined”  Amino  Acids  by  Eighteen 
Subjects  on  Normal  Diets 
(Reported  as  mg.  per  24  hours) 


es. 
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Free 

Total 

Gnnbined 

Per  cent  combined 
form  of  total 

Range 

Mean 

Range 

Mean 

Range 

Mean 

Range 

Mean 

Arginine 

11.0-36.2 

21.3-1-6.9 

12.2-45.0 

23.7-1-7.9 

0-13.8 

6.6 

0-52.9 

24.2 

Aspartic  acid 

0-23.6 

1.3-I-0.6 

87.4-258.8 

164.5-1-46.7 

82.7-258.8 

163.2 

82.1-100 

99.2 

Cystine 

Glutamic  acid 

45.2-138.0 

0-63.7 

87.7- 1^5 

35.8- 1-19.2 

102.4-769.5 

351.4-1-151.4 

72.6-708.7 

315.6 

79.0-100 

89.8 

Histidine 

60.3-378.0 

188.3-1-99.2 

65.4-438.8 

203.3-4-101.1 

5.1-123.2 

40.5 

4.8-34.5 

14.9 

Isoleucine 

0-20.1 

5.5+4.5 

11.8-33.4 

20.3-1-5.5 

3.9-30.3 

14.4 

18.3-100 

71.0 

Leucine 

3.8-18.5 

9.6-1-3.3 

11.9-40.0 

21.2-1-6.6 

3.5-29.6 

12.3 

29.4-81.8 

55.6 

Lysine 

Methionine 

18.2-88.2 

33.6±16.9 

35.6-166.0 

73.2-1^9.4 

15.4-77.8 

43.0 

23.4-74.8 

57.1 

4.1-13.5 

7.8-t-2.9 

4.1-15.0 

8.6-1-2.8 

0.5-6.3 

2.3 

4.7-60.5 

24.6 

Phenylalanine 

7.5-34.0 

16.4-1-7.1 

10.3-45.4 

23.3-1-7.9 

3.1-16.9 

8.4 

14.4-66.6 

35.2 

Proline 

3.7-14.8 

8.5-1-2.9 

23.1-62.1 

42.8-1-12.9 

18.1-54.4 

34.3 

65.1-89.0 

80.2 

Threonine 

12.4-49.5 

24.4-1-10.9 

14.8-84.4 

53.8-1-19.5 

18.8-53.8 

31.3 

41.7-67.9 

58.0 

Tryptophane 

8.5-56.0 

24.6-1-11.3 

11.2-86.1 

41.4-1-17.5 

0.6-28.3 

18.4 

1.3-71.8 

41.9 

Tyrosine 

10.5-43.9 

20.8-1-1.7 

23.4-100.3 

52.5-1-18 

5.9-60.3 

31.7 

25.2-75.1 

60.4 

Valine 

0-7.5 

4.5±2.2 

11.0-30.0 

19.S±5.6 

6.1-28.2 

15.3 

55.4-100 

77.3 
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free  and  combined  amino  acids  excreted. 

When  the  values  for  total  amino  acid 
excretion  for  individual  amino  acids  ob¬ 
tained  by  us  are  compared  to  those  of 
Dunn, 2  excellent  agreement  is  obtained. 
The  values  reported  by  Steele®  for  free 
amino  acids  excreted  on  various  diets  do 
not  agree  as  wfell.  Part  of  this,  we  believe, 
is  due  to  differences  in  diet,  but  principally 
the  dilutions  used  by  Steele  are  quite  dif¬ 
ferent  from  ours  and,  therefore,  the  in¬ 
fluence  of  urea  and  other  urinary  constitu¬ 
ents  may  vary. 

It  is  evident,  from  our  data  as  well  as 
from  those  of  Steele,  that  methionine  is 
apparently  excreted  to  a  much  smaller 
extent  than  cystine.  Even  though  the  egg 
protein  diet  supplies  considerably  more 
methionine  than  the  soy  bean  diet,  the  ex¬ 
cretion  is  the  same  on  both  diets  for  cystine 
and  methionine.  Apparently  methionine 
is  utilized  or  deaminated  more  readily 
than  cystine. 

After  determining  the  normal  excretion 
of  amino  acids,  we  were  interested  in  de¬ 
termining  the  influence  of  low  protein 
diets  on  excretion  of  total  amino  acids. 


Table  2  shows  3  diets  fed  to  healthy 
normal  young  women  for  1 1  days  on  Level 
B  and  D  and  6  days  on  Level  E.  The  pro¬ 
tein  in  both  B  and  D  is  a  balanced  mixture 
of  meat,  potatoes,  oats  and  bread  but  given 
in  limited  quantity.  Level  E  contained  no 
protein  except  in  the  cookies.  The  results 
are  shown  in  table  3.  In  all  cases  except 
phenylalanine  and  tyrosine,  there  is  a  de¬ 
crease  in  the  excreted  amino  acids  on  the 
low  protein  diets  as  compared  to  normal 
diets.  There  is,  however,  no  direct  cor¬ 
relation  between  intake  and  amino  acid 
excretion  since  the  excretion  on  0.2  gm. 
N/day  is  not  different  from  that  on  2.5 
gm.  N/day.  This  may  be  due  to  the 
limited  duration  of  the  experiment  and 
need  for  longer  depletion  periods. 

Sauberlich  and  Baumann,^  in  rat  ex¬ 
periments,  have  shown  that,  in  the  rat,  the 
amino  acids  excreted  daily  are  propor¬ 
tional  to  the  protein  intake.  They  forti¬ 
fied  the  casein  with  cystine  so  that  the 
quality  of  the  protein  was  not  involved,  but 
only  quantity.  They  also  showed  that  the 
percentage  of  ingested  amino  acids  ex¬ 
creted  on  the  low  protein  intake  is  slightly 


Table  2 


Food  Intake,  Protein  Content,  and  Caloric  Value  of  Three  Diets  (2.5,  1.3  and  0.2  om. 
Nitrogen)  Fed  in  Protein  Study 


Foods 

Level  B  (2.5  gm  Ni) 

Level  D  ( 1.3  gm  N») 

Level  £  (low  Na) 

Amt.  of 
food 
gm. 

Protein 

gm. 

Calo¬ 

ries* 

Amt.  of 
food 
gm. 

Protein 

gm. 

Calories 

Ami.  of 
food 
gm. 

Nitro¬ 

gen 

gm. 

Calories 

Apple  sauce 

100 

0.2 

80.0 

100 

0.2 

80.0 

100  ml. 

33.0 

33.0 

100  ml. 

33.0 

Lettuce 

30 

0.4 

5.4 

30 

0.4 

5.4 

(vinegar  and  spice) 

90.0 

90.0 

Beef-chuck 

11 

2.0 

24.0 

8.3 

1.5 

18.1 

4.4 

39.6 

3.4 

30.6 

Cream  (coffee) 

64.2 

1.9 

133.5 

48.6 

1.4 

101.1 

Potatoes 

13.3 

0.3 

12.5 

10.1 

0.2 

9.5 

White  bread 

91.0 

8.4 

237.5 

68.9 

6.3 

179.8 

Oats,  rolled 

10.4 

1.5 

41.2 

7.8 

1.1 

30.9 

65.0 

231.0 

65.0 

231.0 

65.0 

231.0 

Stuart  formula 

tablets,  2 

276.7 

1141.0 

276.7 

1141.0 

276.7 

1141.0 

Total 

14.7 

2068.7 

11.1 

1950.4 

1405.0 

*  Calculated  values  from:  Bradley,  Table  of  Food  Values. 
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Table  3 

Effect  op  Low  Protein  Diet  on  Urinary  Excretion  of  Amino  Acids 


(Determined  after  hydrolysis) 


Amino  acid 

Normal  diet 

2.5  gm.  N/day 
(11  days) 

1.3  gm.  N/day 
(11  days) 

0.2  gm.  N/day 
(6  days) 

Arginine 

23.7 

14.9 

Aspartic  acid 

164.5 

81.8 

Glutamic  acid 

351.4 

168 

Histidine 

203.3 

97.0 

Isoleucine 

20.3 

8.6 

Leucine 

21.2 

15.6 

13.6 

Lysine 

73.2 

36.7 

29.3 

Methionine 

8.6 

3.9 

3.7 

Phenylalanine 

23.3 

26.6 

29.3 

20.7 

Threonine 

53.8 

39.2 

29.5 

32.4 

Tryptophane 

41.4 

9.3 

6.3 

6.4 

Tyrosine 

52.5 

48.9 

43.3 

41.9 

Valine 

19.8 

14.1 

12.3 

10.9 

higher  than  on  the  high  protein  intake. 
The  range  is  from  about  0.3-1.58  per  cent. 
In  the  mouse,  however,  the*  excretion  is 
much  higher,  ranging  from  3-9  per  cent 
of  the  ingested  protein.  This  is  partly 
explained  by  the  fact  that  more  of  the 
amino  acids  are  excreted  in  peptide  form 
by  the  rat  than  by  the  mouse.  There  is  a 
4-fold  increase  in  amino  N  after  hydrolysis 
in  the  rat,  but  only  2-fold  in  the  mouse. 

The  work  of  Pearce®  demonstrates  the 
additional  fact  that,  on  a  protein  diet  de- 
I  ficient  in  one  amino  acid,  the  excretion 
I  of  all  amino  acids  is  higher  than  that  on 
I  a  normal  good  protein  diet.  This  is  due 
I  to  the  inability  of  the  organism  to  utilize 
i  the  inadequate  mixture  of  amino  acids. 

Summary 

I  Sixteen  amino  acids  assayed  micro- 
biologically  were  found  to  be  present  in 
some  or  all  of  normal  human  urines 
studied  in  free  form.  All  were  found  to  be 
present  after  hydrolysis  to  release  peptides 
or  conjugates. 

Aspartic  acid  is  almost  completely 
bound,  while  90  per  cent  of  the  glutamic 
acid  is  bound  or  imavailable  to  the 
organism  until  urine  is  hydrolyzed.  Histi¬ 
dine,  arginine  and  probably  cystine,  on 
the  other  hand,  are  present  in  urine  princi¬ 
pally  in  the  free  form  (75-85  per  cent). 
The  remaining  amino  acids  are  present  in 


approximately  equal  amounts  of  the  free 
and  combined  forms. 

Total  excretion  of  aspartic  acid,  gluta¬ 
mic  acid,  and  histidine  is  highest  (160-350 
mg./day),  while  excretion  of  methionine  is 
lowest  (8.6  mg./day).  The  excretion  of 
the  other  amino  acids  falls  in  between. 

Human  subjects  excrete  smaller  amounts 
of  the  amino  acids  studied  as  protein  in¬ 
take  is  decreased.  Phenylalanine  and 
tyrosine  appear  to  be  exceptions  to  this 
rule.  Similar  results  were  obtained  with 
rats  and  mice.  However,  if  an  inadequate 
protein  is  fed  to  rats,  the  excretion  of  other 
individual  amino  acids  is  increased.  The 
excretion  of  amino  acids  by  human  sub¬ 
jects  is  quite  low  on  normal  diets,  since, 
with  the  exception  of  histidine,  less  than 
3  per  cent  of  the  ingested  amino  acids 
are  excreted. 
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THE  URINARY  EXCRETION  OF 
AMINO  ACIDS  IN  MAN 

By  RICHARD  D.  ECKHARDT,  ARNOLD  M. 

COOPER,  WILLIAM  W.  FALOON, 
AND  CHARLES  S.  DAVIDSON* 

There  is  no  adequate  substitute  for  a 
well-balanced  oral  diet.  However,  occa¬ 
sions  arise  when  a  nutritious  diet  cannot  be 
adequately  eaten,  digested  or  absorbed 
and  parenteral  protein  hydrolysate  therapy 
is  indicated.  Numerous  reports  have  been 
published  concerning  the  nutritional  ade¬ 
quacy  of  protein  hydrolysates,  their  clinical 
tolerance,  and  their  freedom  from  anti¬ 
genicity.  However,  few  studies  have  dealt 
with  the  excretion  of  amino  acids  in  the 
urine  following  infusions  of  protein  Tiy- 
drolysate  in  man. 

The  experiments  reported  here  were 
undertaken  to  determine  the  extent  of  the 
renal  loss  of  amino  acids  after  their  intra¬ 
venous  infusion  in  man.  During  the  course 
of  these  investigations,  the  excretion  of 
amino  acids  by  normal  subjects  on  ad 
libitum  diets  and  on  diets  of  varied  pro¬ 
tein  content  was  determined  and  will  be 
summarized.  Further,  observations  on  the 
excretion  of  amino  acids  following  infu¬ 
sions  of  amino  acids  in  patients  with  active 

*  Thorndike  Memorial  Laboratory,  Second  and  Fourth 
Medical  Services  (Harvard),  Boston  City  Hospital,  and 
the  Department  of  Medicine,  Harvard  Medical  School, 
Boston,  Massachusetts. 


cirrhosis  of  the  liver  and  Wilson’s  disease 
will  be  compared  with  results  obtained  in 
normal  subjects. 

Excretion  of  Amino  Acids  by  Normal 
Subjects  Eating  ad  libitum.  The  24-hour 
urines  of  8  normal  adult  subjects  eating 
ad  libitum  of  diets  estimated  to  contain 
an  average  of  105  grams  of  protein  daily 
were  assayed  (microbiological  method  of 
Stokes  et  al.^)  for  the  8  amino  acids  “essen¬ 
tial”  for  man^  and  for  arginine  and  histi¬ 
dine.  The  results  tabulated  in  table  1 
are  in  general  agreement  with  other  pub¬ 
lished  values  employing  microbiological 
methods.®"® 

The  urinary  excretion  of  alpha  amino 
nitrogen  (gasometric  ninhydrin  method  of 
Van  Slyke,  MacFadyen,  and  Hamilton®) 
by  the  8  normal  subjects  averaged  158  mg. 
for  the  24-hour  period,  a  higher  value  per 
hour  (6.6  mg.)  than  that  of  fasting  speci¬ 
mens,  which  averaged  4.3  mg.  per  hour. 
Thus,  the  food  ingested  by  the  subjects 
increased  the  fasting  excretion  of  alpha 
amino  nitrogen  from  103  mg.  (4.3  mg.  x 
24  hours)  to  158  mg.  daily.  The  loss  of 
55  mg.  of  alpha  amino  nitrogen  after  con¬ 
suming  105  grams  of  protein  represents 
excretion  into  the  urine  of  only  0.4  per 
cent  of  the  amino  nitrogen  ingested.*  This 

*  Assuming  the  food  protein  to  contain  16  per  cent  total 
nitrogen,  and  the  total  nitrogen  to  be  80  per  cent  alpha 
amino  nitrogen. 


Table  1 


Urinary  Excretion  of  10  “Essential”  Amino  Acids  and  of  “Free”  Alpha  Amino  Nitrogen 
IN  THE  Normal,  in  Liver  Disease,  and  in  Wilson’s  Disease  {Diet  ad  libitum) 


Normals 
(Av.  8  subjects) 
mg./24  hours 

Liver  Disease 
(Av.  7  patients) 
mg./24  hours 

- : -  1 

Wilson’s  Disease 
(Av.  5  patients) 
mg./24  hours  , 

Arginine 

9.5 

10.6 

46.6 

Histidine 

163 

122 

393 

Isoleucine 

13.8 

4.5 

24.4 

Leucine 

7.2 

11.4 

72.6 

Lysine 

46.8 

28.0 

218 

Methionine 

4.4 

10.5 

19.4  1 

Phenylalanine 

14.0 

20.4 

119 

Threonine 

20.9 

26.4 

261 

Tryptophane 

12.7 

21.9 

59.2 

Valine 

7.4 

6.8 

62.3 

“Free”  Alpha 

Amino  Nitrogen 

158 

(120  to  199) 

175 

(84  to  258) 

399 

(204  to  640) 
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ise  I  value  is  identical  with  that  observed  to 
in  I  follow  the  oral  ingestion  of  50  grams  of 
I  whole  caseinJ 

:  Excretion  of  Amino  Acids  by  a  Normal 

ur  J  Subject  Receiving  Diets  of  Varied  Protein 
^  Content.  Since  food  by  mouth  produced 
in  i  only  a  moderate  increase  in  the  excretion 
ly  '  of  amino  nitrogen  above  that  excreted  in 
of  [  the  fasting  state,  the  effect  on  the  excretion 
n*  I  of  amino  acids  by  varying  the  protein  in- 
■i'  I  take  in  the  diet  was  investigated.  A  nor- 
f  I  mal  subject  was  given  a  diet  adequate  in 
^  i  calories  and  calculated  to  contain,  respec- 
I  tively,  150,  75,  and  0  grams  of  protein 
,  daily  for  each  of  three  8-day  periods.  It 
‘0  I  was  observed  that  increases  in  the  quantity 
5f  •  of  protein  ingested  only  moderately  in- 
)  I  creased  the  excretion  of  amino  acids  and 
?•  j  of  alpha  amino  nitrogen  above  that  on  the 
•r  I  protein-free  diet.  No  significant  decrease 
>■  I  in  the  amino  acid  excretion  occurred  dur- 
j  ing  the  protein-free  period, 
ts  The  excretion  of  “peptides”  in  the  urine 

3  (determined  as  alpha  amino  nitrogen  after 
^  hydrolysis  of  the  urine)  continued  through- 
'f  out  the  protein-starvation  regime  and  rep¬ 
resented  about  four  times  the  excretion  of 
s  “free”  amino  acids — a  proportion  of  “pep- 
r  tides”  to  “free”  amino  acids  similar  to  that 
s  excreted  by  this  subject  while  receiving 
J  I  the  diets  containing  75  grams  and  150 
“  I  grams  of  protein. 

I  The  excretion  in  the  urine  of  “free” 
amino  acids  and  of  “peptides”  which  oc- 
'  curred  while  no  protein  was  fed  must  be 
considered  endogenous  in  origin.  This 
:  1  “minimum”  excretion  was  increased  by  the 
ingestion  of  protein,  although  large  fluc¬ 
tuations  in  the  quantity  of  protein  eaten 
resulted  in  only  small  changes  in  the  quan¬ 
tity  of  amino  acids  excreted. 


alpha  amino  nitrogen  and  1.3  grams  were 
“polypeptide  nitrogen”  determined  as 
alpha  amino  nitrogen  after  hydrolysis  of 
the  urine.  Since  two-thirds  of  the  total 
amino  acids  in  this  partial  hydrolysate  were 
“free”  and  one-third  were  “conjugated”, 
the  amount  of  polypeptide  nitrogen  ex¬ 
creted  daily  represented  approximately  45 
per  cent  of  the  polypeptide  alpha  amino 
nitrogen  administered,  while  less  than  5 
per  cent  of  the  free  alpha  amino  nitrogen 
given  was  lost.  These  observations  confirm 
those  of  other  investigators,®  who  further 
noted  that,  in  contrast  to  the  large  loss  by 
excretion  in  the  urine  of  the  peptides  of 
“Amigen”,  those  present  in  a  partial  hy¬ 
drolysate  of  fibrin  (“Aminosol”)  were  lost 
to  a  much  smaller  extent.®  Thus,  there  is 
considerable  variation  in  the  renal  excre¬ 
tion  of  the  polypeptides  derived  from  dif¬ 
ferent  protein  sources.  However,  following 
the  infusion  of  a  complete  protein  hydroly¬ 
sate  free  of  peptides  (Merck*),  no  in¬ 
crease  was  observed  in  this  laboratory  in 
the  excretion  of  “peptides”  above  that  ex¬ 
creted  on  the  control  regime.  Since  “free” 
amino  acids  are  lost  to  a  smaller  extent  in 
the  urine  than  are  “peptides”  following 
their  intravenous  infusion,  a  completely 
hydrolyzed  protein  would  appear  to  be  of 
greater  nutritional  value  than  a  partially 
hydrolyzed  protein. 

Excretion  of  Amino  Acids  by  Normal 
Subjects  Following  Amino  Acid  Infusions. 
Five  hundred  cc.  of  a  10  per  cent  solu¬ 
tion  of  amino  acids*^®’  (a  complete  acid 
hydrolysate  of  casein  supplemented  with 
tryptophane  and  containing  50  grams  of 
amino  acids)  was  infused  without  glucose 
to  eight  normal  subjects  while  fasting  at 
three  rates  of  administration:  approxi¬ 
mately  2  mg.,  6  mg.,  and  10  mg.  of  nitro¬ 
gen  per  kilogram  of  body  weight  per 
minute,  representing  infusion  times  of 
approximately  1  hour,  20  minutes,  and  10 
minutes,  respectively.  The  solution  em- 

*  “Solution  of  Amino  Acids  Mixture,  10  per  cent”, 
developed  and  supplied  by  Merck  and  Comrany,  Inc., 
Rahway,  New  Jersey.  This  product  was  used  for  all  in¬ 
fusions  reported  in  this  paper  unless  otherwise  indicated. 


Excretion  of  “Peptides”  Following  Pro¬ 
tein  Hydrolysate  Infusions.  A  normal 
subject  given  75  grams  of  a  partial  pro¬ 
tein  hydrolysate  (“Amigen”)  intravenously 
daily  for  four  days  as  the  sole  source  of 
nitrogen  maintained  weight  and  nitrogen 
balance.  Of  the  nitrogen  excreted  daily 
during  this  period,  0.28  gram  was  “free” 
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ployed  was  a  complete  acid  hydrolysate 
of  casein  supplemented  with  tryptophane 
and  glycine,  and  essentially  devoid  of  glu¬ 
tamic  and  aspartic  acids.  Each  500  cc. 
infusion  supplied  47  grams  of  amino  acids, 
7.5  grams  of  total  nitrogen,  6.0  grams  of 
alpha  amino  nitrogen,  and  the  following 
amounts  (/-form)  of  the  “essential”  amino 
acids:  2.5  grams  arginine,  1.6  grams  histi¬ 
dine,  3.8  grams  isoleucine,  7.8  grams 
leucine,  4.2  grams  lysine,  3.2  grams  methi¬ 
onine,  2.7  grams  phenylalanine,  1.1  grams 
threonine,  0.45  grams  tryptophane,  and 
3.1  grams  valine.  The  content  of  the  indi¬ 
vidual  amino  acids  in  the  mixture  infused 
was  determined  by  microbiological  assay.  ^ 
The  blood  alpha  amino  nitrogen  values 
(gasometric  ninhydrin  method  of  Hamil¬ 
ton  and  Van  Slyke^^)  averaged  3.6  mg.  per 
100  cc.  of  plasma  initially,  rose  to  22.5  mg. 
per  cent  5  minutes  after  the  infusion, 
rapidly  fell  to  7.2  mg.  per  cent  1  hour 
later,  and  returned  to  within  normal  limits 
by  4  hours,  although  most  values  were 
slightly  above  the  pre-injection  level  and 
averaged  3.9  mg.  per  cent. 


The  excess  excretion  in  the  urine  of 
alpha  amino  nitrogen  above  the  control 
{ad  libitum  diet)  occurred  within  the  Hrst 
4  hours  following  the  infusion,  averaged 
9.3  per  cent  of  that  infused,  and  coincided 
with  the  return  of  the  blood  amino  nitro¬ 
gen  to  within  normal  limits.  The  loss  of 
amino  nitrogen  in  the  urine  increased  lit¬ 
tle  with  more  rapid  infusions  (table  2). 
Two  additional  subjects,  in  whom  the 
urine  was  collected  more  frequently  in  the 
post-infusion  period,  excreted  approxi¬ 
mately  90  per  cent  of  the  amino  nitrogen 
lost  within  the  Hrst  hour  after  the  infusion 
was  completed.  During  this  period,  the 
most  rapid  decline  occurred  in  the  blood 
amino  nitrogen. 

The  excretion  above  the  control  of  each 
of  the  10  individual  amino  acids  adminis¬ 
tered  likewise  occurred  within  4  hours  fol¬ 
lowing  the  infusion,  and  none  exhibited  a 
delayed  excretion  over  the  next  20  hours. 
These  values  are  shown  in  table  2.  From 
0.2  to  14.1  per  cent  of  the  individual 
amino  acids  infused  was  excreted  in  the 
urine  at  the  slow  rate  of  infusion.  Thus, 


Table  2 

Relation  Between  Rate  of  Infusion  and  Quantity  of  Amino  Acids  Excreted  in  the 
Urine  in  the  24  Hours  After  Administration  of  500  cc.  of  the 
10%  Solution  of  Amino  Acids  to  8  Normal  Adults 


1 

Slow  rate 
(2  infusions) 

Moderate  rate 
(3  infusions) 

Rapid  rate 
(3  infusions) 

Average 
(8  infusions) 

mg.* 

%** 

mg.* 

%** 

mg.* 

%** 

mg.* 

%** 

Arginine 

Histidine 

8.7 

18.1 

23.0 

0.9 

190 

EilH 

■EkB 

209 

13.1 

Isoleucine 

9.1 

55.6 

98.6 

61.0 

1.6 

Leucine 

45.7 

172 

281 

182 

2.3 

Lysine 

149 

264 

354 

8.4 

268 

6.4 

Methionine 

34.4 

1.1 

88.7 

2.8 

169 

105 

3.3 

Phenylalanine 

43.1 

1.6 

112 

4.2 

175 

Ha 

119 

4.4 

Threonine 

155 

14.1 

175 

15.9 

196 

17.8 

179 

16.3 

Tryptophane 

Vahne 

22.7 

5.7 

25.7 

6.4 

33.8 

8.4 

28.0 

7.0 

42.1 

1.4 

105 

3.4 

196 

124 

Total  10  “essential” 

Ml 

amino  acids 

716 

2.3 

1206 

4.0 

1772 

Mil 

1298 

4.3 

“Free”  alpha 
amino  nitrogen 

469 

7.8 

556 

9.3 

645 

10.7 

568 

9.5 

’  Mg.  of  amino  acid  or  of  alpha  amino  nitrogen  in  excess  of  that  excreted  while  receiving  the  ad  libitum  diet 
(table  1). 

Per  cent  of  administered  amino  acid  or  of  administered  alpha  amino  nitrogen  excreted  in  urine. 
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the  subjects  excreted  fairly  large  jjer- 
centages  of  administered  threonine  and 
histidine,  intermediate  percentages  of 
lysine  and  tryptophane,  and  smaller  per¬ 
centages  of  the  other  amino  acids.  In 
contrast  to  the  marked  variation  in  the 
excretion  loss  of  individual  amino  acids  at 
the  slow  rate  of  infusion,  their  additional 
loss  with  more  rapid  infusions  varied  lit¬ 
tle,  so  that  an  almost  equivalent  additional 
percentage  of  each  amino  acid  given  was 
excreted. 

The  patterns  of  the  10  “essential”  amino 
acids  administered  intravenously,  excreted 
in  the  urine,  and  (by  difference)  retained 
in  the  body  are  shown  in  table  3.  The 
proportion  of  the  “essential”  amino  acids 
in  the  mixture  differed  considerably  from 
that  excreted  in  the  urine.  Thus,  for 
example,  although  arginine  and  histidine 
were  present  in  similar  proportions  in  the 
mixture  infused  (8.1  and  5.1  per  cent  of 
the  total  10  “essential”  amino  acids, 
respectively),  their  pattern  in  the  urine 
was  altered  so  that  proportionately  much 
more  of  the  10  amino  acids  excreted  was 
composed  of  histidine  (16.1  per  cent) 
than  of  arginine  (1.8  per  cent).  Since 
only  a  small  portion  of  the  infused  amino 


acids  was  lost  in  the  urine  (averaging  4.3 
per  cent  for  all  10  amino  acids  assayed), 
the  pattern  of  the  amino  acids  retained  in 
the  body  resembled  quite  closely  the  pat¬ 
tern  administered. 

It  is  not  possible  to  ascertain  why  each 
of  the  amino  acids  was  not  excreted  in  the 
urine  in  the  same  proportion  as  adminis¬ 
tered  (table  3).  At  least  three  explana¬ 
tions  exist:  (1)  differences  in  the  quantity 
of  amino  acids  infused  as  compared  to 
their  requirements  by  the  body;  (2)  differ¬ 
ences  in  the  renal  clearance  of  amino  acids; 
and  (3)  differences  in  the  rate  of  removal 
of  amino  acids  from  the  blood  stream  by 
tissues.  With  each  increase  in  the  rate  of 
infusion,  however,  the  additional  excretion 
of  all  the  “essential”  amino  acids  more 
closely  resembled  the  composition  of  the 
amino  acids  infused. 

The  “essential”  amino  acids  in  the  in¬ 
fusion  mixture  were  preferentially  retained 
by  the  subjects,  while  the  dispensable 
amino  acids  were  more  freely  excreted  in 
the  urine.  The  greatest  retention  was 
observed  at  the  slowest  rate  of  infusion. 
Thus,  although  the  10  “essential”  amino 
acids  comprised  two-thirds  of  the  total 
amino  acids  infused,  they  contributed  less 


Table  3 

Comparison  of  the  Patterns  of  the  10  “Essential”  Amino  Acids  Administered, 
Excreted,  and  Retained  Followino  the  Infusion  of  500  cc.  of 
10%  Solution  of  Amino  Acids  to  8  Normal  Adults 


Per  cent  of  total  of  10  “essential”  amino  acids 


Given* 

Excreted** 

Retained! 

Arginine 

8.1 

8.4 

Histidine 

5.1 

4.6 

Isoleucine 

12.6 

12.9 

Leucine 

25.7 

26.4 

Lysine 

13.9 

20.6 

13.6 

Methionine 

10.6 

8.1 

10.7 

Phenylalanine 

8.8 

9.2 

8.7 

Threonine 

3.5 

13.8 

Tryptophane 

Valine 

1.5 

10.2 

2.2 

9.5 

1.4 

10.3 

Total 

100.0 

100.0 

100.0 

*  Calculated  from  the  quantity  of  amino  acids  given.  ,  .  ,  . 

'*  Calculated  from  the  quantity  of  amino  acids  excreted,  averaged  value  of  8  infusions,  table  2. 
t  Calculated  from  the  quantity  of  amino  acids  retained  (quantity  administered  minus  quantity  excreted). 
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than  one-third  of  those  excreted  in  the 
urine.  The  10  “essential”  amino  acids 
contributed  approximately  one-fourth  of 
the  total  amino  acids  excreted  by  these  8 
normal  subjects  eating  ad  libitum  and  by 
the  normal  subject  consuming  varied 
amounts  of  protein. 

Excretion  of  Amino  Acids  by  Patients 
with  Liver  Disease.  The  average  daily 
excretion  of  the  “essential”  amino  acids  in 
the  urine  of  seven  patients  with  severe  liver 
disease  (5  cirrhosis,  1  hemochromatosis, 
and  1  subacute  yellow  atrophy)  eating 
ad  libitum  did  not  differ  markedly  from 
normal  subjects  (table  1).  In  this  small 
series,  however,  there  was  considerable 
variation  among  patients  in  the  quantity  of 
individual  amino  acids  excreted.  Four 
additional  patients  with  active  cirrhosis  of 
the  liver  received  50  to  100  grams  of  the 
amino  acid  solution  as  the  sole  source  of 
nitrogen  intravenously  daily  for  from  2  to 
4  weeks.  Positive  nitrogen  balance,  main¬ 
tenance  of  weight,  decline  in  serum 
bilirubin,  and  clinical  improvement  oc¬ 
curred.  The  amino  acid  mixture  was  well 
tolerated.  The  loss  of  alpha  amino  nitro¬ 
gen  in  the  urine  by  the  patients  with  liver 
disease  was  similar  to  that  observed  in 
normals  following  infusions  of  equivalent 
quantities  of  the  hydrolysate.  Further¬ 
more,  the  post-infusion  pattern  of  the 
“essential”  amino  acids  excreted  in  the 
urine  of  the  patients  with  cirrhosis  was 
similar  to  that  noted  in  normals.  Hyper- 
aminoacidemia  and  azotemia  were  not 
observed,  nor  was  there  a  progressive  in¬ 
crease  in  the  urinary  excretion  of  amino 
nitrogen.  Previous  studies  in  this  labora¬ 
tory^®  likewise  demonstrated  that  the  rate 
of  removal  of  amino  acids  from  the  blood 
following  the  parenteral  injection  of  a  pro¬ 
tein  hydrolysate  ( “Parenamine” )  in  pa¬ 
tients  with  severe  cirrhosis  of  the  liver  was 
little  altered  from  that  observed  in  normal 
subjects.  It  is  concluded  that  intraven¬ 
ously  administered  amino  acids  are  well 
tolerated  by  patients  with  severe  liver 
disease,  are  metabolized  and  excreted  in 


a  manner  differing  little  from  normal,  and  i 
may  promote  clinical  improvement  when  | 
administered  as  the  sole  source  of  nitrogen. 

Excretion  of  Amino  Acids  in  Wilson’s 
Disease  (Hepato-Lenticular  Degenera¬ 
tion).  Each  of  5  patients  with  Wilson’s 
disease  eating  ad  libitum  excreted  greater 
quantities  both  of  alpha  amino  nitrogen 
and  of  each  of  the  “essential”  amino  acids 
in  the  daily  urine  than  did  normal  subjects 
(table  1).*  The  increased  loss  of  amino 
acids  in  these  patients  was  largely  ac¬ 
counted  for  by  an  excessive  rate  of  excre¬ 
tion  during  the  fasting  state.  Thus,  the 
hourly  rate  of  excretion  of  alpha  amino 
nitrogen  in  the  fasting  urines  of  patients 
with  Wilson’s  disease  averaged  approxi¬ 
mately  20  mg.,  in  contrast  to  values  of  less 
than  5  mg.  per  hour  for  normal  subjects. 
Although  the  patients’  fasting  plasma 
alpha  amino  nitrogen  values  were  fre¬ 
quently  slightly  elevated,  there  was  a  lack 
of  correlation  between  the  level  of  amino 
acids  in  the  blood  and  the  increased  excre¬ 
tion  of  amino  acids  in  the  urine  which 
was  always  abnormal.  Neither  the  oral 
ingestion  of  protein  nor  the  intravenous  j 
infusion  of  the  amino  acid  solution  re-  I 
suited  in  a  greater  excretion  than  observed  \ 
for  normals.  The  associated  metabolic  | 
abnormalities  observed  in  the  Fanconi 
syndrome^®  were  not  present,  nor  did  the 
liver  disease  appear  to  be  responsible  for 
the  increased  aminoaciduria.  It  is  tenta¬ 
tively  concluded  that  a  renal  mechanism 
of  undetermined  type  is  operative  in 
Wilson’s  disease  which  allows  increased  ■ 
spillage  of  amino  acids  in  the  fasting  state  j 
but  which  normally  accommodates  in-  j 
creased  loads  of  amino  acids  to  the  kid-  i 
neys,  as  following  the  ingestion  of  food  or  | 
the  infusion  of  amino  acids.  ) 

Oral  and  Parenteral  Amino  Acid 
Requirements.  Minimal  oral  requirements 
of  the  “essential”  amino  acids  will  un¬ 
doubtedly  be  found  less  than  the  paren- 

*  The  hndine  of  an  increased  excretion  of  amino  acids 
in  the  urine  of  patients  with  Wilson’s  disease  has  been  i 
reported  by  others.“ 
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teral  requirements  for  several  reasons. 
First,  there  is  an  increased  excretion  of 
;  amino  acids  when  the  parenteral  rather 
I  than  the  oral  route  of  administration  is 
j  employed.  Second,  large  single  infusions 
I  of  protein  hydrolysates  may  be  less  efficient 
I  than  divided  oral  feedings.  Finally,  it  is 
I  more  difficult  to  provide  adequate  carbo- 
'  hydrate  to  achieve  maximum  retention  of 
I  protein  by  the  parenteral  route.  Thus,  it 
I  was  observed  that  a  protein  hydrolysate 
which  contained  minimum  amounts  of 
phenylalanine  maintained  nitrogen  equi¬ 
librium  when  administered  orally,  but  was 
incapable  of  sustaining  nitrogen  balance 
I  when  given  parenterally  until  additional 
>  phenylalanine  was  provided.’^  The  urinary 
loss  of  phenylalanine  was  greater  both  in 
absolute  amount  and  in  percentage  of 
that  administered  when  less  than  the  mini¬ 
mum  requirement  of  the  amino  acid  was 
given  and  negative  nitrogen  balance  re¬ 
sulted,  than  when  sufficient  of  the  amino 
acid  was  available  for  nitrogen  equi¬ 
librium.  The  parenteral  requirements  for 
the  other  “essential”  amino  acids,  also,  are 
likely  to  be  found  greater  than  their  oral 
requirements. 

Practical  Considerations  of  Protein 
i  Hydrolysate  Therapy.  The  renal  loss  of 
I  amino  nitrogen  following  the  parenteral 
I  infusion  of  amino  acids  may  be  as  great  as 
,  28  times  the  loss  from  the  administration 

of  an  equivalent  amount  of  nitrogen  as 
whole  protein  orally.'^  Such  losses  follow¬ 
ing  intravenous  infusion  as  compared  to 
t  oral  feeding  appear  great  until  it  is  re- 
I  called  that,  with  the  excretion  of  0.4  per 
'  cent  (0.2  grams  protein)  of  50  grams  of 
whole  protein  given  orally  or  10  per  cent 
(5  grams  protein)  of  50  grams  of  hydro¬ 
lyzed  protein  injected  intravenously,  the 
body  retains  at  least  45  grams  of  the  pro¬ 
tein  administered.  Although  it  was  ob¬ 
served  that  the  renal  excretion  of  amino 
acids  was  greater  when  100  grams  rather 
than  50  grams  of  amino  acids  was  ad¬ 
ministered  intravenously,  the  largest  quan¬ 
tity  of  amino  acids  lost  was  so  small  in 


terms  of  grams  of  protein  that  the  body 
retained  for  metabolic  purposes  more 
than  85  per  cent  of  the  protein  given. 
Thus,  the  administration  of  protein  or 
amino  acids  orally  or  intravenously, 
slowly  or  rapidly,  and  in  large  or  small 
quantity  was  followed  by  excretion  in  the 
urine  of  but  a  small  portion  of  the  amino 
acids  given.  The  provision  of  an  excess 
of  the  “essential”  amino  acids  in  a  hy¬ 
drolysate  should  compensate  for  their  in¬ 
creased  excretion  in  the  urine  when  the 
parenteral  rather  than  the  oral  route  is 
employed. 

The  patient  to  whom  protein  hydroly¬ 
sates  are  being  administered  is  concerned 
more  with  the  unpleasant  side  effects  and 
the  duration  of  the  infusion  than  with  his 
urinary  excretion  of  amino  acids.  Because 
of  the  length  of  time  often  required  to 
infuse  50  to  100  grams  of  amino  acids  and 
the  frequency  of  nausea  and  vomiting, 
parenteral  protein  hydrolysate  therapy  has 
unfortunately  been  limited,  because  of 
both  inconvenience  and  discomfort  to  the 
patient,  and  the  constant  vigilance  re¬ 
quired  by  the  physician.  Since  these  dis¬ 
advantages  were  minimized  by  the  com¬ 
plete  protein  hydrolysate  with  which  the 
studies  reported  here  were  conducted,^® 
parenteral  protein  hydrolysate  therapy 
may  become  more  practical  and  the  physi¬ 
cian  may,  if  necessary,  provide  optimum 
feeding  of  protein  entirely  by  the  intra¬ 
venous  route. 
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SECTION  OF  ANTHROPOLOGY 

PREUMINARY  REPORT  ON  A 
TRIP  TO  ETHIOPU 


By  WOLF  LESLAU* 

The  Ethiopia  language  aroused  the  in¬ 
terest  of  Western  scholars  as  early  as  the 
16th  century.  Old  Ethiopia  or  Geez,  at 
present  the  liturgical  language  of  the  coun¬ 
try,  and  Amharic,  the  national  language, 
were  investigated  first.  Little  by  little,  the 
other  Semitic  languages  as  well  as  the 
Cushitic  and  Nilotic  linguistic  families  used 
in  Ethiopia  were  studied  also.  Semitic 
scholars  were  soon  aware,  though  not  suffi¬ 
ciently,  of  the  importance  of  Ethiopia  for 
the  understanding  of  the  Semitic  lan¬ 
guages.  Of  the  eight  Semitic  languages — 
Geez  (old  Ethiopia),  Tigre,  Tigrigna,  Am¬ 
haric,  Harari,  Gurage,  Argobba,  and  Gafat 
— some  are  well  enough  known,  others  in¬ 
sufficiently,  still  others  are  known  only  by 
name. 

It  was  with  the  intention  of  filling  out 
the  gaps  in  our  knowledge  of  Ethiopia  and 
of  gaining  an  insight  into  the  structure  of 
the  whole  group  that  I  went  to  Ethiopia 
in  October,  1946,  and  stayed  there  until 
July,  1947.  The  trip  was  made  possible 
through  a  Fellowship  of  the  Guggenheim 
Foundation,  a  grant  by  the  Viking  Fund 
and  another  by  Mrs.  Denyse  Mosseri- 
Dreyfus.  I  take  this  opportunity  to  ex¬ 
press  my  sincere  thanks  to  these  sponsoring 
institutions  and  individuals. 

Anyone  who  intends  to  do  research  work 
in  Ethiopia  will  have  to  start  with  Addis 
Ababa,  the  capital.  There  he  will  get  ac¬ 
quainted  with  the  central  government  and 
obtain  its  permission  to  travel  around  the 
country.  It  is  the  Ministry  of  Pen  which 
issues  instructions  to  the  various  Minis¬ 
tries,  and  particularly  to  the  Ministry  of 
Interior,  to  facilitate  the  trip  of  the  re¬ 
search  worker.  I  personally  had  the  privi¬ 
lege  of  having  been  received  by  the 
Emperor  to  whom,  in  a  fifteen-minute 

*  Asia  Institute,  New  York,  N.  Y.  This  paper,  illus¬ 
trated  by  lantern  slides  and  recordinRS,  was  presented  at 
the  meeting  of  the  Section  on  May  24,  1948. 


conversation  held  in  French,  I  explained 
the  purpose  of  my  visit  to  his  country. 
He  showed  great  interest  in  my  project 
of  surveying  the  languages  of  Ethiopia  and 
gave  me  his  support  in  traveling  through 
all  the  regions  in  which  I  was  interested. 
As  from  him,  I  received  everywhere  the 
fullest  and  most  cordial  cooperation. 

Living  conditions  in  Addis  Ababa  are 
pleasant.  Several  hotels  accommodate  the 
traveler  with  room  and  board.  The  cur¬ 
rency  used  in  Ethiopia  is  the  Ethiopian 
dollar  (berr),  its  exchange  being  40 
American  cents.  In  this  connection,  it  is 
interesting  to  note  that  half  a  dollar  is 
called  a  shilling.  To  give  an  idea  of  the 
cost  of  living  for  a  traveler,  I  should  like 
to  mention  that,  in  1946-47,  the  price  of 
board  at  the  Imperial  Hotel  varied  be¬ 
tween  10-12  Ethiopian  dollars,  that  is, 
$4-$5  a  day.  For  a  traveler  intending  to 
spend  only  a  limited  time  in  Addis  Ababa, 
it  would  not  pay  to  rent  a  house,  for  the 
maintenance  of  which  a  certain  number  of 
servants  would  be  necessary. 

The  research  worker,  and  especially  the 
student  of  history,  religion,  and  languages 
should  also  avail  himself,  in  Addis  Ababa, 
of  the  help  of  the  Ethiopian  scholars — 
some  of  them  of  traditional  standards, 
others  who,  through  Western  contacts, 
have  a  critical  approach  to  science — who 
will  readily  give  information  on  problems 
of  traditional  history,  religion,  and  litera¬ 
ture  of  the  country.  The  National  Library, 
although  it  contains  a  limited  number  of 
manuscripts,  and  the  Museum  attached  to 
it  will  be  helpful  for  the  study  of  things 
Ethiopian. 

As  for  the  anthropologist,  the  city  itself 
with  its  houses,  its  markets,  and  its  people 
will  be  his  best  teacher.  He  will  be  espe¬ 
cially  interested  to  investigate  the  impact 
of  Western  civilization  on  Ethiopia.  He  will 
notice  the  general  trend  toward  moderni¬ 
zation,  but  he  will  still  see  side  by  side  men 
and  women  clad  in  the  traditional  dress 
called  shamma  or  toga,  and  others  dressed 
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in  a  perfect  Western  style;  local  courts 
held  in  the  streets  and  government  coiurts 
held  in  modem  buildings  applying  Western 
codes;  church  schools  with  their  teaching 
of  Old  Ethiopic  only,  and  government 
schools  where  thousands  of  boys  and  girls 
receive  modem  education;  mules  on  the 
sidewalks,  on  one  hand,  and  two-wheel 
carriages  called  gari,  cars,  buses  and  air¬ 
planes  on  the  other  hand;  religious  festi¬ 
vals  of  local  character,  and  others  where 
the  foreign  representatives  are  invited;  he 
will  still  hear  the  old  Ethiopic  songs  at 
weddings  and  in  coffee-houses,  and  mod¬ 


ern  Amharic  songs  with  Western  influence 
over  the  radio  and  at  the  weekly  represen¬ 
tations  of  the  Patriotic  Association. 

The  lingiiist  will  be  able  to  find,  in  Addis 
Ababa,  linguistic  informants  of  nearly  all 
the  regions  of  the  country,  but  his  work 
will  be  most  productive  if  he  goes  to  the 
particular  region  in  the  language  of  which 
he  is  interested.  This  will  enable  him  to 
make  anthropological  investigations  at  the 
same  time. 

After  having  spent  six  weeks  in  Addis 
Ababa,  I  went  to  the  region  of  Gurage,  a 
province  situated  southwest  of  Addis 


Figure  1. 


Ababa  (see  figure  1).  The  trip  first  took 
me  to  Wolqitte  (over  90  miles  on  the 
Addis  Ababa-Djimma  road),  and  then  a 
mule-ride  of  seven  hours  brought  me  to 


the  town  of  Endeber,  the  capital  of  the 
tribe  of  Chaha.  The  mules  and  guides 
were  put  at  my  disposal  by  the  local  au¬ 
thorities  of  Wolqitte. 
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The  traveler  will  easily  recognize  the 
1  province  of  Gurage  by  the  clean,  round 
houses  and  by  the  characteristic  banana¬ 
like  plant  called  ensat  in  Amharic,  gener¬ 
ally  known  under  the  name  of  musa  ensete. 
This  plant  provides  the  Gurage  with  flour; 
he  makes  cord  out  of  the  fiber,  and  the 
leaves  of  the  plant  also  have  various 
usages. 

A  few  words  on  the  country  of  Gurage, 
its  people  and  languages  might  be  useful  to 
show  the  rich  soil  this  province  represents 
for  the  research  worker. 

Gurage  is  a  relatively  small  province, 
and  it  is,  therefore,  all  the  more  surprising 
to  observe  the  great  diversity  of  tribes, 
religions,  and  languages.  It  seems  prob¬ 
able  that  the  original  population  of  the 
present-day  Gurage  was  a  Sidamo  group 
from  the  South.  The  country  was  then 
I  occupied  and  settled  by  military  colonies 
j  from  the  North  of  Ethiopia.  Still  other 
parts  of  the  population  might  have  come 
from  the  region  of  Harar.  This  situation 
is  reflected  in  the  ethnic,  religious,  and 
linguistic  status  of  Gurage.  In  fact,  there 
is  a  great  variety  of  tribes,  each  of  them 
divided  into  sub-tribes  and  families.  The 
most  important  tribe  seems  to  be  that  of 
Chaha.  Concerning  religion,  the  Gurage 
are  generally  Moslems,  pagans,  and  Ethi- 
opian-Christians.  Some  of  them  are  Ro¬ 
man  Catholics.  As  for  the  languages  and 
dialects,  their  variety  is  as  great  as  that  of 
the  tribes.  We  count  about  5-6  main 
groups,  each  of  them  with  a  variety  of 
I  dialects. 

I  Endeber  is  the  administrative  chief-town 
of  the  Chaha  section.  It  is  inhabited  by 
Gurage  and  Amharas.  I  was  the  guest  of 
the  native  Catholic  Mission  there,  which 
is  situated  at  the  outskirts  of  the  town. 
The  Mission  has  two  sections,  for  boys  and 
!  for  girls.  For  my  linguistic  work,  I  had  at 

‘  my  disposal  boys  from  the  age  of  ten  to 

I  twenty-five  living  in  the  Mission,  all  of 
whom  spoke  Amharic  beside  their  native 
tongue,  while  some  of  them  knew  French 
or  English.  My  work  consisted  in  collect¬ 
ing  texts  of  anthropological  and  folkloristic 


character,  material  for  a  grammar  of  the 
dialect  of  Chaha,  and  a  vocabulary  of 
seven  different  dialects.  I  also  had  oc¬ 
casion  to  assist  at  religious  festivals,  and 
to  travel  around  the  country  to  observe 
the  people  at  their  work  and  leisiure.  Very 
often,  I  encountered  young  boys  and  girls 
who,  eager  to  study,  every  day  walk  as 
much  as  three  to  four  hours  both  ways  to 
attend  school  at  Endeber. 

At  this  point,  I  should  like  to  say  a  word 
about  the  food  situation  in  the  interior  of 
Ethiopia  as  it  concerns  the  traveler.  If 
he  can  get  used  to  pepper,  which  is  the 
basic  condiment  of  every  kind  of  Ethiopian 
food,  he  will  have  no  difficulty  at  all. 
Otherwise,  he  will  have  to  carry  food  with 
him  and  have  it  cooked  in  his  own  way. 
I,  myself,  lived  on  chicken  twice  a  day  for 
seven  weeks,  besides  eating  the  pancake¬ 
like  native  bread.  The  traveler  will,  of 
course,  be  careful  to  boil  the  water  he  uses. 

After  a  stay  of  seven  weeks  in  Endeber 
I  fell  ill  and  had  to  be  carried  down  on  a 
bed  for  seven  hours  to  Wolqitte.  From 
there,  a  car  took  me  back  to  Addis  Ababa. 
The  illness  was  caused  by  fatigue.  After 
a  rest  of  two  weeks  in  Addis  Ababa,  I  went 
east  to  Harar,  in  order  to  investigate  the 
language  called  adare. 

The  traveler  can  go  to  Harar  either  by 
train  or  by  plane  to  Dire-Daua  (265 
miles) ,  from  where  a  bus  will  take  him  in 
about  two  hours  (33  miles)  to  Harar.  At 
the  approach  of  the  city,  he  will  be  agree¬ 
ably  surprised  at  the  sight  of  a  great  variety 
of  fruit  and  vegetables,  such  as  bananas, 
oranges,  lemons,  papayas,  and  tomatoes. 

Dire-Daua  is  the  main  rail  center  of  the 
Djibouti-Addis  Ababa  line.  The  city  has 
a  European  quarter  occupied  by  French, 
Italians,  Greeks  and  Armenians,  besides 
the  native  quarter.  The  main  body  of  the 
native  population  are  Somalis  and  Gallas; 
the  mosques  of  the  city  bring  proof  of  the 
Moslem  faith  of  its  inhabitants.  Since  I 
had  no  particular  linguistic  interest  in 
Dire-Daua,  I  spent  only  two  days  in  the 
city,  making  recordings  of  Somali  and 
Galla  music. 
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The  city  of  Harar  presents  a  particular 
interest  from  a  historical,  anthropological, 
and  linguistic  point  of  view.  Old  Harar 
is  a  walled  city  with  five  gates.  A  little 
over  an  hour  is  sufficient  to  walk  all  around 
the  walls.  Even  before  the  Italian  occu¬ 
pation  there  were  some  buildings,  govern¬ 
mental  and  private,  outside  the  walls  of 
the  Old  City.  The  Italians  chose  Harar 
as  capital  of  the  whole  province  and  con¬ 
siderably  extended  this  new  section.  The 
traveler  who  intends  to  spend  some  time 
in  Harar  will  easily  find  a  convenient 
house  to  rent,  but  he  will  welcome  the 
good  living  conditions  at  the  Grand  Hotel. 

Harar  has  attracted  many  students  of 
history  jmd  anthropology,  such  as  Paulit- 
schke  and  Burton,  and  for  good  reasons. 
It  was  the  capital  of  the  Moslem-Ethiopian 
state  and  is  still  the  center  of  Islamic  cul¬ 
ture  in  Ethiopia.  Its  inha’..itants  are  mainly 
Gallas  and  Somalis  of  Moslem  faith,  but 
there  are  also  Amharas.  The  student  of 
religion  and  anthropology  will  be  inter¬ 
ested  in  studying  the  Arab  life  and  culture 
in  the  surroundings  of  Gallas,  Somalis,  and 
Amharas.  Everything  indicates  that  Mos¬ 
lems  live  in  the  city:  the  seventy  mosques, 
the  bazars,  the  veiled  women,  the  turbans 
of  the  men,  the  use  of  the  narcotic  plant 
(called  qat  in  Arabic)  in  the  morning 
hours,  the  particular  style  of  the  houses 
with  nooks  in  the  walls,  the  carpets,  and 
the  basket  work.  A  city  life  of  the  Middle 
Ages  can  still  be  observed  inside  the  walls 
of  the  city,  bare  of  all  vegetation.  Arabic, 
Somali,  Galla,  Amharic,  and  the  language 
pardcular  to  Harar  called  adare  are  spoken 
inside  the  walls,  and  very  often  by  the 
same  person. 

I  was  particularly  interested  in  the  adare 
language.  This  is  a  Semitic  language 
spoken  only  inside  the  walls,  and  with  the 
growth  of  Amharic  influence  through  the 
schools  and  the  administration  it  might 
disappear.  In  Harar,  I  checked  the  lin¬ 
guistic  material  known  through  the  various 
works,  and  collected  new  material  for  a 
grammar,  a  vocabulary  of  about  2,500 
roots,  texts  in  prose,  and  songs  in  Ancient 


Haran.  The  student  of  Harari  will  still  Ii 
find  manuscripts  of  that  language  written  sf 
in  Arabic  characters.  I  myself  acquired  E 
a  collection  of  songs  in  Ancient  Harari  in  ni 
honor  of  the  prophet  Mohammed.  j  L 

After  a  stay  of  six  weeks  in  Harar,  I  re- 
turned  to  Addis  Ababa  to  prepare  another 
trip  to  Gojjam  and  Begemder,  both  north  tr 

of  Addis  Ababa.  The  traveler  can,  of  tr 

course,  still  go  by  mule  to  any  of  these  hi 

regions,  but  he  will  be  only  too  glad  to  ^ 

go  either  by  truck  crossing  the  Blue  Nile  th 

or  by  plane  to  Debra  Markos,  the  capital  o' 

of  Gojjam  ( 160  miles  from  Addis  Ababa) .  se 

He  will  reach  Debra  Markos  by  truck  in 
approximately  two  days,  by  plane  in  forty  K 
minutes.  te 

Ethiopian  life  can  best  be  observed  in  nj 
the  region  of  Gojjam.  It  is  true  that  one 
notices  here,  too,  the  products  of  modern-  ar 
ization — the  airplane,  the  school,  and  the  T 
administration  contribute  their  share  to 
it — but  the  Ethiopian  of  Gojjam,  and  for 
that  matter  of  Gondar,  is  still  resistant  to  P< 

things  which  are  not  Ethiopic.  Debra  G; 

Markos  is  a  perfect  example  of  what  was  wl 

the  ancient  Ethiopian  city.  The  palace  of 
the  Governor  dominates  the  city,  and  the  to 

main  means  of  transportation  is  the  mule.  kr 

The  regional  chiefs  come  from  their  prov-  I 

inces  accompanied  by  their  servants.  The  es 

national  feast,  called  geber,  is  still  given  fr< 

in  the  traditional  way,  and  at  the  end  of  it  tw 

one  will  hear  the  noted  fukkara  or  boast-  (tl 

ing  of  the  warrior  emitted  in  a  particular  fr< 

modulation.  vi( 

But  Gojjam  is  more  than  all  this.  It  is  G; 
intimately  linked  with  the  whole  religious  M 
and  political  history  of  Ethiopia.  My  in-  is 
terest  in  Gojjam  was  of  a  particular  na-  W£ 
ture.  In  the  region  of  the  Blue  Nile,  there 
was  a  population  called  G<ifat.  This  popu-  th; 

lation  had  a  language  of  its  own,  a  Semitic  sp( 

language  which  was  still  understood,  if  not  th( 

spoken,  at  the  end  of  the  18th  century.  At  ch 

that  time,  James  Bruce  had  the  Song  of  thi 

Solomon  translated  into  various  Ethiopic  ha 

languages,  including  Gafat.  All  attempts  a  i 
by  recent  travelers  to  discover  whether 
Gafat  was  still  spoken  remained  in  vain.  an^ 
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In  fact,  the  inhabitants  of  Gafat  at  present 
speak  Amharic,  the  national  language  of 
Ethiopia.  On  the  basis  of  the  only  docu¬ 
ment  on  Gafat  preserved  in  the  Bodleian 
Library  at  Oxford,  I  worked  out  the  struc¬ 
ture  of  the  language  and  published  it,  in 
1945,  together  with  the  Gafat  text  and 
translation,  in  the  Gafat  Documents.  In¬ 
trigued  by  a  remark  of  the  Abyssinian 
historian,  Aleqa  Tayye,  in  his  History  of 
Abyssinia,  published  in  Amharic  in  1927, 
that  the  inhabitants  of  Gafat  still  use  their 
own  language  when  they  are  among  them¬ 
selves,  I  tried  to  find  out  whether  this  lan¬ 
guage  was  still  in  existence.  Dedjazmach 
Kebbede,  the  governor  of  Gojjam,  took  in¬ 
terest  in  my  investigation.  Not  being  a 
native  of  Gojjam,  he  was  unable  to  give 
me  information  on  the  subject,  but  made 
an  inquiry  among  the  elders  of  the  region. 
This  investigation  brought  me  to  Burie,  60 
miles  north  of  Debra  Markos. 

The  reader  will  understand  my  disap¬ 
pointment  when,  instead  of  the  expected 
Gafat,  I  came  across  an  artificial  language 
which  consisted  in  inverting  the  syllables, 
like  saying  teb  instead  of  bet.  Also,  I  was 
told  that  some  judges  in  a  native  court 
knew  Gafat,  but  when  I  rame  to  see  them 
I  found  out  that,  instead,  they  were  inter¬ 
ested  in  Gafat  and  wanted  to  study  it 
from  my  Gafat  Documents.  Finally,  after 
two  weeks  of  inquiry,  I  found  four  people 
(three  men  and  a  woman,  all  of  them  old) , 
from  the  region  of  Womberma  in  the 
vicinity  of  the  Blue  Nile  who  still  spoke 
Gafat.  I  took  them  with  me  to  Debra 
Markos,  since  the  region  of  the  Blue  Nile 
is  lowland  and,  consequently,  very  hot,  and 
was  able  to  investigate  their  language. 

The  linguist  will  be  interested  to  know 
that,  in  my  inquiry  on  Gafat,  I  came  across 
special  languages,  such  as  the  language  of 
the  merchants,  the  language  of  the 
chanters,  and  that  of  those  possessed  by 
the  spirits.  All  these  people  speak  Am¬ 
haric,  but  use,  for  professional  purposes, 
a  more  or  less  artificial  language. 

I  left  Gojjam  after  a  stay  of  four  weeks 
and  went  by  plane  to  Gondar,  the  capital 


of  Begemder.  Gondar  is  situated  to  the 
north  of  Gojjam  at  a  distance  of  200  miles 
from  Debra  Markos.  If  Harar  is  the 
center  of  Islamic  culture  in  Ethiopia,  Gon¬ 
dar  was,  and  in  some  respects  still  is  (at 
least  as  tradition  goes)  the  center  of  Ethio¬ 
pian  culture  proper.  It  was  the  capital  of 
Ethiopia  in  the  17th  century.  The  various 
castles  of  the  city,  and  of  other  places 
around  Gondar,  such  as  Old  Gorgora  on 
the  Lake  Tana,  bear  witness  of  the  Portu¬ 
guese  in  Ethiopia,  who,  as  is  well  known, 
were  asked  by  the  kings  to  deliver  the 
country  from  the  Arab  invasion  in  the  16th 
century. 

Gondar  is  the  city  of  old  tradition  in 
learning  and  Ethiopian  scholarship.  With 
its  province,  it  is  the  center  of  numerous 
churches  and  monasteries.  It  has  still  pre¬ 
served  the  old  style  in  liturgical  chanting, 
and  the  entire  province  has  probably  the 
finest  preserved  Ethiopic  manuscripts  and 
old  Ethiopian  paintings.  Gondar  is  the 
most  appropriate  place  for  research  in  tra¬ 
ditional  history,  liturgy,  and  religious  prob¬ 
lems.  It  is  true  that  Ethiopian  scholars 
are  attracted  by  Addis  Ababa,  and  Gondar 
is  losing  its  value  as  a  cultural  center,  but 
treasures  of  tradition  still  lie  hidden  in  the 
churches  and  monasteries,  and  the  priests 
and  monks  still  can  reveal  much  informa¬ 
tion  on  the  ancient  history  of  Ethiopia. 

The  student  of  linguistics  will  have  an 
opportunity  to  examine  the  dialectal  differ¬ 
ences  between  the  Amharic  of  Gondar  and 
that  of  Shoa,  and,  besides,  he  will  find 
himself  in  the  center  of  the  Cushitic  lan¬ 
guages  of  Agau.  The  student  of  things 
Ethiopian  will  not  limit  himself  to  a  stay  in 
Gondar,  but  will  travel  in  the  whole  of 
the  province  of  Begemder  to  see  its  monas¬ 
teries  and  churches,  and  will  in  particular 
go  for  a  boat  ride  on  Lake  Tana,  the 
description  of  which  would  go  far  beyond 
this  report.  He  will  be  rewarded  not  only 
by  the  literary  treasures  and  relics  of  the 
ancient  Ethiopians,  but  also  by  the  sight 
of  the  green  mountains,  the  deep  valleys, 
and  the  numerous  attractive  islands  of 
Lake  Tana. 
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My  main  interest  in  Begemder  lay  in  the 
investigation  of  the  problem  of  the  Fala- 
shas,  that  is,  the  Ethiopians  of  Jewish  faith. 
The  existence  of  Jews  in  Ethiopia  was 
brought  to  the  attention  of  the  Western 
world  as  early  as  the  12th  century.  Be¬ 
ginning  with  the  18th  century,  various 
travelers  visited  the  Falashas,  but  most  of 
them  had  a  missionary  tendency  which 
appreciably  diminishes  the  usefulness  and 
objectivity  of  their  reports,  so  that  I  de¬ 
cided  to  concentrate  my  special  attention 
on  the  Falashas.  I  left  for  Uzaba,  a 
province  to  the  southeast  of  Gondar,  en¬ 
tirely  inhabited  by  Falashas,  and  lived 
there  for  about  three  weeks,  in  the  village 
of  Ambworo. 

I  arrived  at  Passover — it  was  in  the 
month  of  April — and,  consequently,  no  one 
worked  in  the  whole  village.  We  gathered 
every  day  in  the  synagogue,  priests,  elders, 
and  young  men,  and  to  the  best  of  their 
knowledge  they  answered  all  my  questions 
concerning  their  life.  I  visited  all  the  neigh¬ 
boring  villages  and  never  came  back  from 
any  of  these  visits  without  a  goat,  hens  or 
eggs  brought  to  me  as  gifts  from  all  the 
Falasha  huts.  I  also  spent  some  days  with 
the  Falashas  of  the  region  of  Seqelt  to  pay 
a  visit  to  their  monks.  In  this  way,  I 
gathered  information  on  the  most  impor¬ 
tant  phases  of  cultural,  religious,  and 
social  life  of  the  Falashas. 

Not  only  did  the  Falashas  receive  me  in 
the  most  cordial  way  I  mentioned  before, 
but  nearly  everywhere  in  Begemder  the 
Ethiopians  demonstrated  their  traditional 
way  of  hospitality.  I  shall  never  forget 
the  reception  in  Gana  Yohannes,  in  the 
region  of  Seqelt,  where  the  governor  of 
Seqelt  came  to  receive  me  with  fifty  of 
his  men  and  gave  a  copious  geber  in  my 
honor. 

In  May,  the  small  rains  made  their  ap¬ 
pearance  and  I  went  back  to  Addis  Ababa. 
It  is  not  an  easy  enterprise  to  travel  in  the 
interior  during  the  rainy  season.  In  some 
regions,  it  is  even  impossible  to  do  it.  I 
might  add  that,  during  the  dry  season 
which  lasts  from  October  to  June-July,  the 


climate  of  the  highland  is  very  pleasant: 
not  too  hot  in  the  daytime,  and  cool  at 
night.  The  same  cannot  be  said  of  the 
lowland,  where  the  heat  is  made  more  dis¬ 
agreeable  by  the  presence  of  many  flies. 
I  intended  to  undertake  a  trip  to  the  re¬ 
gion  of  Ankober,  to  the  north  of  Addis 
Ababa,  to  investigate  Argobba,  a  language 
doomed  to  disappear.  However,  I  felt  the 
effects  of  fatigue  and  decided  to  work  on 
Argobba  with  informants  found  in  Addis 
Ababa.  An  Argobba  Moslem  woman,  and 
occasionally  a  man,  were  my  main  inform¬ 
ants,  and  with  their  help  I  gathered 
enough  material  for  an  analysis  of  the 
language. 

In  all  the  regions  I  visited,  I  made 
recordings  of  music,  songs,  and  text 
specimens. 

Before  leaving  Addis  Ababa,  I  had  the 
privilege  to  be  received  once  more  by  the 
Emperor.  This  time,  the  conversation  was 
in  Amharic. 

I  left  Addis  Ababa  in  June,  by  bus  for 
Asmara.  The  distance  from  Addis  Ababa 
to  Asmara  is  a  little  over  600  miles.  I 
could,  of  course,  have  traveled  by  plane, 
but  the  trip  by  bus  gave  me  the  oppor¬ 
tunity  of  crossing  the  whole  of  Ethiopia, 
the  province  of  Tigre,  and  a  part  of  Eri¬ 
trea.  The  general  impression  the  traveler 
gains  from  the  northern  part  of  Tigre  and 
Eritrea  is  different  from  the  remaining 
part  of  Ethiopia:  Eritrea  has  a  desert  ap¬ 
pearance.  As  for  Asmara,  it  has  the  aspect 
of  a  European  city;  it  also  has  a  native 
section. 


Besides  the  Cushitic  and  Nilotic  lan¬ 
guages  spoken  in  Eritrea,  the  Semitic  lan¬ 
guages  of  Tigrigna  and  Tigre  are  used. 
Tigrigna  being  relatively  well  known,  I 
concentrated  my  special  efforts  on  the  in¬ 
vestigation  of  Tigre.  To  do  this,  I  estab¬ 
lished  myself  in  the  city  of  Keren,  58  miles 
northwest  of  Asmara.  Keren  is  a  pleasant 
town,  of  a  very  “Oriental”  aspect.  I 
checked  there  the  material  previously  pub¬ 
lished  on  Tigre  and  was  able  to  supple¬ 
ment  our  knowledge  in  the  domain  of  the 
grammai  and  vocabulary.  Beside  my  lin- 
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guistic  work,  I  visited  the  various  parts  of 
the  country,  particularly  Massawa,  and 
also  the  monasteries  of  Debra  Sina  and  of 
Debra  Bizen,  well  known  in  the  ecclesiastic 
history  of  Ethiopia. 

Needless  to  say  that  the  student  of  Ethi¬ 
opia  will  be  greatly  interested  in  Eritrea 
if  he  is  reminded  of  the  fact  that  its  popu¬ 
lation  is  half  Chrisdan,  half  Moslem;  that 
the  Italians  lived  in  Eritrea  for  about  fifty 
years  and  left  there  traces  of  Western  cul- 

Iture;  that  ethnically  the  population  is  of 
mixed  origin ;  that  it  has  many  interesting 
monasteries;  that  Semitic,  Cushitic,  and 
I  Nilotic  languages  are  spoken  there;  and, 
finally,  that  the  historical  ties  between 
Eritrea  and  the  remaining  part  of  Ethio¬ 
pia  are  of  the  greatest  importance  for  the 
future  of  the  country. 

The  reader  who  knows  something  about 
Ethiopia  will  miss,  in  my  description, 

'  many  parts  of  the  country  not  mentioned 
here.  In  fact,  nothing  or  not  enough  was 
said  about  the  Dankali,  the  S(.mali,  the 
Galla,  the  Sidamo,  the  Agau  populations, 

I  and  others.  The  reason  for  not  mention¬ 
ing  these  provinces  and  populations  is 
simply  that,  as  I  stated  in  the  beginning, 
my  interest  for  this  trip  was  a  survey  of 
the  Semitic  languages  of  Ethiopia,  and, 
consequently,  I  visited  only  those  regions 
in  which  these  languages  are  sjx)ken. 

If  the  student  of  Ethiopia  keeps  in  mind 
the  great  amount  of  non-Semitic  languages 
spoken  there,  the  variety  of  populations 
and  cultures,  and,  at  the  same  time,  the 
political  unity  of  the  country,  he  will  be 
‘  aware  of  the  great  interest  Ethiopia  offers 
to  the  student  of  history,  religion,  lan¬ 
guages,  anthropology,  and  the  social 
sciences.  These  studies  will  throw  light  not 


only  on  Ethiopia,  but  also  on  Africa  and 
on  the  present-day  and  ancient  Near  East 
Whatever  his  particular  field,  the  student 
will  have  satisfactory  results  in  his  investi¬ 
gation  only  if  he  has  direct  contact  with 
the  people.  For  keeping  this  up,  he  will 
need  a  speaking  knowledge  of  Amharic, 
which  is  spoken  and  understood  nearly  all 
over  Ethiopia.  His  work  will  be  still  more 
fruitful  if  he  acquires  a  knowledge  of  the 
religious,  cultural,  and  political  past  of  the 
country. 

In  concluding,  I  should  like  to  reiterate 
my  thanks  to  the  already  mentioned  insti¬ 
tutions  and  individuals  who  made  this  trip 
possible;  to  the  American  officials,  Mr. 
Felix  Cole,  formerly  Minister  of  the 
United  States  to  Ethiopia,  and  Mr. 
William  H.  Beach,  Consul  General,  who 
manifested  great  interest  and  understand¬ 
ing  for  scientific  work;  to  Prince  Makon- 
nen,  Duke  of  Harar;  to  the  many  Ethiopian 
officials,  and  particularly  to  His  Excellency 
Ato  Aklilou  Habte  Wold,  Vice-Minister  of 
Foreign  Affairs;  Ato  Akale  Worq,  Director 
of  the  Ministry  of  Education;  Blatta  Ayyele 
Gebre,  Vice-Governor  of  Harar;  Dedjaz- 
mach  Kebbede,  Governor  of  Gojjam;  the 
Princess  Tanagne  Worq;  and  Bitwaddad 
Andarge,  son-in-law  of  the  Emperor  and 
Governor  of  Begemder.  Their  cordial  co¬ 
operation  was  extremely  helpful  in  accom¬ 
plishing  my  task.  I  also  want  to  thank 
my  many  Ethiopian  friends  as  well  as  the 
man  in  the  street  who  helped  me  to  feel 
and  to  understand  Ethiopia.  My  grati¬ 
tude  goes  particularly  to  His  Majesty,  the 
Emperor  Haile  Selassie,  whose  sincere 
interest  and  approval  of  my  project  pro¬ 
vided  me  with  the  willing  cooperation  of 
the  Ethiopian  people. 


298 


TRANSACTIONS 


SECTION  OF  PHYSICS  AND  CHEMISTRY 


COPOLYMERIZATION  REACTIONS 

By  TURNER  ALFREY,  JR  * 

Introduction.  The  tendency  of  many 
unsaturated  organic  compounds  to  form 
chain  polymers  is  well  known.  While  this 
polymerization  reaction  is  by  no  means 
limited  to  vinyl  compounds  (vinylidene 
compounds,  dienes,  etc.,  also  polymerize), 
the  term  “vinyl  polymerization”  will  be 
used  as  a  generic  expression  in  certain 
parts  of  the  discussion.  When  more  than 
one  monomeric  material  is  present,  the 
reaction  is  called  “copolymerization,”  and 
the  resulting  product  is  called  a  “copoly¬ 
mer.” 

Vinyl  polymerization  is  a  chain  reaction 
consisting  of  at  least  three  steps :  ( i )  chain 
initiation  or  activation;  (2)  propagation, 
or  growth;  and  (3)  chain  termination.  In 
the  cases  of  thermal  and  peroxide-catalyzed 
polymerization,  the  activation  step  involves 
the  formation  of  a  free  radical,  and  the 
propagation  step  consists  of  the  addition  of 
a  monomer  molecule  to  the  growing  chain 
without  loss  of  the  free  radical  activity. 

H 

'wv.CHaC#  +CH2«CHX 

H 

- ►  'wv^CHgCHXCHgC# 

On  the  other  hand,  when  catalysts  such  as 
BF3  are  used,  the  reaction  proceeds  by  an 
ionic  mechanism.  The  latter  type  of  poly¬ 
merization  will  not  be  explicitly  considered 
here,  although  many  of  the  generalizations 
developed  here  should  apply  to  ionic  as 
well  as  free  radical  polymerization. 

The  complete  kinetic  analysis  of  a  vinyl 
polymerization  reaction  is  rather  involved. 

•  Polytechnic  Institute  of  Brooklyn,  Brooklyn,  N.  Y. 
This  paper  was  presented  at  the  meeting  of  the  Section 
on  February  3,  1948. 

The  Section  of  Physics  and  Chemistry  held  a  meeting 
on  May  4,  1948,  at  which  Professor  Edward  Saibel,  Col¬ 
lege  01  Engineering  and  Science,  Carnegie  Institute  of 
Technology,  Pittsburgh,  Pennsylvania,  presented  a  paper 
entitled,  Afiplications  of  Chemical  Reaction  Rate  Theory 
to  Mechanical  Phenomena,  which  was  illustrated.  No 
abstract  of  this  has  been  received. 


There  are  a  number  of  different  possible 
mechanisms  for  both  the  activation  and 
the  termination  steps.  Furthermore,  such 
additional  processes  as  chain  transfer  take 
place  under  certain  conditions.  If  more 
than  one  monomer  is  participating  in  the 
reaction,  the  problem  obviously  becomes 
still  more  difficult. 

Fortunately,  a  considerable  amount  of 
information  concerning  copolymerization 
can  be  derived  from  consideration  only  of 
the  propagation  step  of  the  reaction.  The 
rate  of  copolymerization,  and  the  mole¬ 
cular  weight  distribution  of  the  resulting 
copolymer,  depend,  of  course,  upon  the 
rates  of  initiation  and  termination  as  well 
as  of  propagation.  The  chemical  com¬ 
position  of  the  copolymer,  however,  is 
determined  almost  entirely  by  the  compe¬ 
tition  among  the  various  propagation  re¬ 
actions.  From  a  practical  standpoint,  this 
means  that  there  is  a  simple  equation  (the 
“copolymer  composition  equation”)  which 
relates  the  composition  of  a  copolymer  to 
that  of  the  monomer  mixture  from  which 
it  is  formed.  From  a  more  fundamental 
standpoint,  this  relationship  makes  pos¬ 
sible  the  quantitative  study  of  the  propa¬ 
gation  step  of  polymerization. 

The  Copolymer  Composition  Equation: 

dM I  ^  M I  ^  fi  M|  Mg 

dMg  Mg  rgMg+M| 

Consider  the  two  vinyl  monomers  Mi 
and  Mg.  Four  propagation  rate  constants 
govern  the  growth  of  active  polymer 
chains.  These  four  reactions  are  sum¬ 
marized  in  TABLE  1.  The  symbols  Mi* 
and  Mg*  refer  to  the  concentration  of  ac¬ 
tive  chain  ends  of  the  types  Mi  and  Mg. 

In  the  steady  state  of  copolymerization, 
kigMi*Mg  =  kgiMg*Mi.  This  indicates 
that,  in  the  steady  state,  the  rate  of  re¬ 
action  of  polymers  ending  in  Mi  with 
monomer  Mg  must  be  equal  to  the  rate  of 
reaction  of  polymers  ending  in  Mg  with 
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Table  1 


Growing 

chain 

Monomer 

adding 

Rate  of 
process 

Reaction 

product 

- M* 

t 

Mx 

kx(M*)(Mi) 

- Mi-M* 

1 

M> 

ku(M*)(Ma) 

- Mi-M* 

s 

- M* 

Ml 

kax.  (M*)(Mx) 

- Ma-M* 

s 
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M, 

ka.  (M*)(M,) 

- M.-M* 

a 

monomer  Mi.  It  is  now  possible  to  ex¬ 
press  M2*  in  terms  of  Mi*,  although  this 
approach  cannot  yield  absolute  values  for 
Ml*  and  M2*: 


The  rate  of  consumption  of  monomer  Mi 
is  given  by  equation  2: 

-  l<ii(Mt)M,  +  k2,(M|)M| 

Similarly,  the  rate  of  addition  of  M2  to 
the  polymer  is 

—  k|2(M  |)M2  **’ K22(^2)^2 

d  t 

Finally,  the  ratio  between  the  rate  of 
addition  of  M2  and  the  rate  of  addition 
of  Ml  is  given  by: 

dMi^  kn(Mif)Mi  •*‘k2i(M2)M| 
dMg  ki2(Mi)M2 +k22(M2)M2 

Let  us  introduce  the  new  variables  ri 
and  r2. 

•^1  *  kn/k|2 

r^-  ^22/^zi 


Equation  4  can  be  rewritten  in  terms  of 
ri  and  r2. 

dM|  M|  r|  M|  M2 

dM2  M2  r2M2‘*'  M| 

The  ratio  of  the  rates  of  addition  of  the 
two  monomers  is,  of  course,  also  an  ex¬ 
pression  for  the  ratio  of  those  two  mo¬ 
nomers  in  the  resulting  polymer. 

mt  Ml  ri  Ml  +  M2 

'  s  •  . 

012  M2  r2  M2  M I 

It  is  clear  that  the  initial  polymer,  in  gen¬ 
eral,  does  not  possess  the  same  composition 
as  the  monomer  mixture,  but  is  relatively 
richer  in  one  component  than  in  the  other. 
The  more  reactive  monomer  is  thus  used 
up  more  rapidly,  leaving  the  monomer 
mixture  relatively  poorer  in  this  compo- 
ment.  It  follows  necessarily  that  the  last 
polymer  to  be  formed  is  relatively  richer 
in  the  less  reactive  constituent.  The 
overall  polymerization  product,  thus,  is  a 
mixture  of  copolymer  molecules  of  differ¬ 
ent  chemical  constitution. 

Distribution  of  Monomer  Sequences. 
Equation  1  gives  the  overall  molar  com¬ 
position  of  the  copolymer  molecules  which 
form  in  a  given  monomer  mixture.  It  is 
possible,  however,  to  deduce  a  much  more 
detailed  picture  of  the  copolymer  struc¬ 
ture  from  the  rate  constant  ratios  ri  and 
r2.  Let  us  designate  each  group  of  sue- 
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cessive  Mi  units  in  the  copolymer  as  a 
sequence  of  Mi  units.  Each  Mi  sequence 
is  bounded  on  both  ends  by  a  sequence  of 
M2  units.  The  copolymer  molecules  con¬ 
sists  of  an  alternating  series  of  Mi  and  M2 
sequences. 

Depending  on  the  relative  values  of  the 
propagation  rate  constants,  Mi  and  M2 
sequences  of  varying  sizes  will  be  found  in 
the  polymer.  When  the  rate  constants  kn, 
and  k22  are  large  as  compared  to  the  rate 
constants  k\2  and  A:2i,  one  can  expect  to 
find  long  sequences  of  Mi’s  followed  by 
long  sequences  of  M2’s,  whereas,  if  the 
relative  values  of  those  rate  constants  are 
reversed,  then  the  polymer  will  contain 
short  groups  of  Mi’s  followed  by  short 
groups  of  M2’s. 

By  defining  four  probabilities  Pn,  P12, 
P21,  P22  for  the  probabilities  of  a  monomer 
of  the  type  Mi  adding  to  a  chain  ending 
in  Ml*,  a  monomer  of  the  type  M2  adding 
to  a  chain  ending  in  Mi*,  a  mononer  of 
the  type  Mi  adding  to  a  chain  ending  in 
M2*  and  a  monomer  of  the  type  M2  add¬ 
ing  to  a  chain  ending  in  M2*,  it  is  easy 
to  calculate  the  distribution  of  lengths  of 
Ml  and  M2  sequences. 

To  a  chain  ending  in  Mi*,  only  one  of 
two  things  can  happen.  (1)  a  monomer 
Ml  or  (2)  a  monomer  M2  can  add;  there¬ 
fore,  the  probability  Pn  will  be  the  rate 
of  addition  of  Mi  over  the  rate  of  addition 
of  Ml  +  the  rate  of  addition  of  M2,  etc. 


k||  M| 

r,M, 

P|i  = 

k|i  M 1  +  k|2  1^2 

tj  M|  +  M2 

ki2M2 

M2 

P|2* 

k||  M 1  +  ki2  M2 

Tj  M|+  M2 

D  m 

kaiMi 

Ml 

^21 

k2l  M|  ^k22  M2 

M  j  ^  r2  M  2 

II 

CM 

kyyMg 

r2  M  2 

k2i  M 1  k22  M2 

M 1  +  r2  M2 

The  distribution  of  sequence  lengths  (wi) 
of  Ml’s  and  (n2)  of  M2’s  can  be  deter¬ 
mined  by  the  following  consideration:  To 
the  first  constituent  Mi  of  a  group  of 
Ml’s  picked  at  random,  the  addition  reac¬ 
tion  All  (Ml*)  (Ml),  whose  probability  is 
Pii,  has  had  to  be  repeated  (n-1)  times,  a 
to  yield  a  group  of  nMi’s.  The  probability  ;j 
of  these  (n-1)  consecutive  additions  is  j 
(Pii)<"-^>.  This  sequence  of  reactions 
must  then  be  followed  by  the  addition  of 
M2,  which  has  the  probability  P12.  The 
probability  that  a  group  of  Mi’s  picked 
at  random  contains  ni  members  is  thus: 

N(ni)*Pn”‘  *^(I-Pii) 

This  is  also  the  number  distribution  func¬ 
tion  for  the  lengths  of  Mi  sequences. 

Similarly,  the  number  distribution  func¬ 
tion  for  sequences  of  M2’s  is  given  by : 

N(n2).pi"**'^l-Pa2) 

where  N{n2)  represents  the  fraction  of  all 
M2  sequences  which  possess  n2  members. 

The  average  length  of  the  Mi  sequences 
must,  of  course,  bear  a  very  simple  rela¬ 
tionship  to  the  average  length  of  the  M2 
sequences,  since  there  will  be  (neglecting 
end  sequences)  just  as  many  Mi  sequences 
as  M2  sequences  in  the  copolymer.  If  ni 
and  M2  are  the  number  average  lengths  of 
Ml  and  M2  sequences,  respectively,  and 
M1/M2  is  the  number  ratio  of  Mi’s  to 
M2’s  in  the  molecule,  then  Mi  and  n2  are  • 
related  by  the  expression: 

Hi/tij*  Mj/Mj 

These  Mi  and  M2  sequences  are  strung 
together  in  a  random  order  in  the  copoly¬ 
mer  molecule.  In  other  words,  the  de¬ 
tailed  structures  of  copolymer  molecules 
formed  from  a  given  monomer  mixture 
are  those  structures  which  would  be  formed 
if  one  took  a  container  of  Mi  sequences 
(distributed  in  length  according  to  equa- 
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TiON  9)  and  a  container  of  M2  sequences 
(distributed  in  length  according  to  equa¬ 
tion  10),  and  alternatively  picked  out  Mi 
sequences  (randomly)  from  one  container 
and  M2  sequences  (randomly)  from  the 
other  container. 

Speculations  Regarding  Effect  of  Struc¬ 
ture  on  Reactivity  with  Free  Radicals.  In 
the  previous  section,  it  was  demonstrated 
that  the  chemical  composition  and  mole¬ 
cular  structure  of  a  polymer  are  deter¬ 
mined  by  the  competition  of  the  two  mo¬ 
nomers  for  both  types  of  free  radicals 
(growing  chain-ends).  We  now  take  up 
the  important  question:  “How  does  the 
reactivity  of  a  monomer  in  copolymeriza¬ 
tion  depend  upon  its  molecular  struc¬ 
ture?”  The  following  generalizations  can 
be  made: 

(1)  Monomers  which  possess  substitu¬ 
ents  on  both  carbon  atoms  of  the  C=C 
double  bond  (1,2-disubstituted  ethylenes) 
exhibit  a  specific  reluctance  to  add  to 
themselves  in  the  growing  chain,  although 
they  may  add  to  “vinyl”  free  radicals 
quite  readily. 

If,  for  example.  Mi  represents  styrene 
and  M2  represents  diethyl  maleate,  the 
rate  constant  A22  is  zero  within  experi- 
I  mental  error,  but  the  rate  constants  An, 
I  Ai2  and  A21  all  have  finite  values. 

This  is  believed  to  be  a  steric  effect. 

This  leads  to  a  number  of  interesting 
consequences.  For  example,  these  1,2- 
disubsdtuted  compounds  exhibit  prac¬ 
tically  no  tendency  to  polymerize  alone, 
but  can  often  copolymerize  readily  with 
vinyl  monomers.  Maleic  anhydride  reacts 
with  the  styrene  free  radical  about  20 
times  as  fast  as  does  styrene  monomer 
(although  maleic  anhydride  will  not  add 
to  the  maleic  anhydride  radical  at  all). 
Over  a  wide  range  of  monomer  ratios, 
the  copolymer  is  almost  exactly  50-50,  with 
the  structure  -1-2-1-2-1-2-1-2-.  This  regu¬ 
lar  alternating  structure  represents  the 
largest  amount  of  M2  which  can  be  put 
into  the  copolymer,  even  with  a  large 
excess  of  M2  in  the  monomer  mixture. 


(2)  The  chief  factor  governing  the 
reactivity  of  a  vinyl  monomer  is  the 
amount  of  resonance  stabilization  of  the 
radical  adduct  which  is  formed  by  the 
reaction  of  the  monomer. 

Thus,  styrene  exhibits  a  strong  tendency 
to  add  to  any  given  free  radical,  because 
the  resulting  adduct  free  radical  is  sta¬ 
bilized  by  resonance: 

y 

(v\/^CH2-C  •  ) 

^  I 

O 

(This  effect  is  identical  with  that  which 
makes  the  triphenylmethyl  radical  so  very 
stable. )  Vinyl  acetate,  on  the  other  hand, 
exhibits  a  weaker  tendency  to  add  to  any 
given  radical,  because  the  resulting  radi¬ 
cal  in  this  case  is  not  stabilized  by 
resonance: 

H  , 

(v/\roCH2-C  •  ) 

I 

0 

c«o 

CH3 

When  styrene  and  vinyl  acetate  must 
compete  with  each  other  for  a  given  free 
radical,  the  styrene  will  be  30  to  50  times 
as  reactive  as  the  vinyl  acetate. 

(3)  A  second  factor,  of  somewhat 
smaller  importance,  is  the  electrical 
polarity  of  the  double  bond.  A  substitu¬ 
ent  such  as  -CN,  which  is  m-directing  in 
the  benzene  ring,  can  be  expected  to 
withdraw  electrons  from  the  polarizable 
double  bond,  thus  giving  the  double  bond 
a  -1-  character.  Similarly,  such  a  group 
will  give  to  a  free  radical  a  -f-  polarity. 
Other  substituents  will  be  electron-donat¬ 
ing,  and  will  give  a  negative  polarity  to 
the  double  bond  of  the  monomer  and  to 
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the  carbon  atom  of  the  corresponding  free 
radical.  A  free  radical  with  a  positive 
-f-  polarity  will  exhibit  a  particular  pref¬ 
erence  for  a  monomer  with  a  negative 
double  bond,  and  vice  versa. 

(4)  A  semi-quantitative  scheme  has 
been  developed  in  which  the  general 
reactivity  of  a  monomer  (determined  by 
the  resonance  effect)  is  denoted  by  the 
symbol  Q,  and  the  polarity  is  denoted  by 
the  symbol  e.  In  this  scheme,  the  copoly¬ 
merization  ratios  are  given  by  the  equa¬ 
tions: 

-  .k22  ./QaL -62(62-61) 

This  pattern  of  behavior  arises  from  the 
hypothesis  that  the  rate  constant  for  the 
addition  of  a  monomer  of  type  2  to  a  free 
radical  of  type  1  can  be  given  to  a  good 
approximation  by  an  expression  such  as 
the  following: 

k|2  «  P|Q2e"®'®2 

Pi  is  characteristic  of  radical  1 ;  Qz  is  the 
mean  reactivity  of  monomer  2;  ei  is  pro¬ 
portional  to  the  charge  on  the  end  group 
of  radical  1 ;  and  «2  is  proportional  to  the 
charge  on  the  double  bond  of  monomer  2. 


It  would  be  a  reasonable  speculation, 
for  example,  to  write : 

where  ei  and  C2  are  the  actual  charges  on 
the  radical  1  and  monomer  2,  D  is  the 
effective  dielectric  constant  and  r  the  dis¬ 
tance  of  separation  in  the  activated  com¬ 
plex.  The  characteristic  constant,  e,  would 
then  be  related  to  the  actual  charge,  E,  by 
the  proportionality: 

e,  «E,/VrDkT 

The  relative  rates  at  which  monomers 

1  and  2  compete  for  radicals  of  type  1 
is  thus  given  by  an  expression  such  as  the 
following : 

•*2l/k22*(Q,/Q2 

The  constant  P,  connected  with  the  re¬ 
activity  of  the  radical,  cancels  out. 

Consider,  for  example,  the  results  re¬ 
ported  by  Lewis,  Mayo  and  Hulse.^  These 
authors  investigated  the  copolymerization 
of  all  possible  pairs  among  the  four 
monomers:  styrene,  methyl  methacrylate, 
acrylonitrile,  vinylidene  chloride.  Table 

2  gives  their  results  for  the  relative  re¬ 
activity  of  each  monomer  with  each  type 
of  free  radical. 


Table  2 

Relative  Rates  of  Monomer  Addition 


Radical 

Monomer 

Styrene 

Acrylonitrile 

Methylmeth¬ 

acrylate 

Vinylidene 

chloride 

Styrene . 

.  (1.0) 

25.0 

2.0 

7.0 

Acrylonitrile  . 

.  2.5 

(1.0) 

0.8 

2.7 

Methyl  methacrylate . 

.  2.0 

7.0 

(1.0) 

4.1 

Vinylidene  chloride . . 

.  0.5 

1.1 

0.4 

(1.0) 
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These  reactivities  are  consistent  with  the 
values  for  Q  and  e  given  in  table  3. 


Table  3 


Monomer 

G 

e 

Styrene  . 

. . .  1.00 

— 1 

Methyl  methacrylate  . . . . 

. . .  0.64 

0 

Acrylonitrile  . 

. . .  0.34 

+1 

■Vinylidene  chloride . 

...  0.16 

0 

This  order  of  the  four  monomers  fits  in 
very  well  with  the  theoretical  expectations 
based  upon  resonance  stabilization  as  the 
principal  factor  influencing  general  mono¬ 
mer  reactivity.  Styrene,  the  most  “re¬ 
active”  of  the  set,  exhibits  the  greatest 

Inumber  of  resonance  structures  for  the 
radical  which  is  formed  by  addition  to  the 
chain.  Methyl  methacrylate  comes  sec¬ 
ond,  acrylonitrile  next,  and  vinylidene 
chloride  last.  In  fact,  no  ordinary  “con¬ 
jugation”  at  all  exists  in  the  vinylidene 
chloride  radical.  A  small  amount  of 
resonance  stabilization  might  be  expected 
from  weakly  contributing  structures  in 
[  which  the  carbon-chloride  bond  has  a  cer- 
II  tain  double-bond  character  analogous  to 
I  that  postulated  in  chlorobenzene. 

I  The  values  are  consistent  with  the 
hypothesis  that  the  double  bond  in  styrene 
— and  therefore  the  carbon  atom  with  the 
odd  electron  in  the  styrene  radical — is 
electron-rich  (negative),  the  double  bond 
in  acrylonitrile  is  electron-poor  (positive), 
f  while  the  double  bonds  in  methyl  metha- 
[  crylate  and  vinylidene  chloride  are  ap- 
*  proximately  “neutral”.  If  this  is  true,  one 
would  expect  the  relative  rate  of  addition 
I  of  each  neutral  monomer  to  all  radicals  to 
I  be  determined  primarily  by  the  overall 
,  reactivity  of  the  monomer,  and  also  for  the 


competition  of  all  monomers  for  the  neu¬ 
tral  radicals  to  be  determined  by  the  over¬ 
all  reactivities  of  the  monomers.  Further¬ 
more,  the  rate  of  addition  of  styrene  to 
styrene  radical  and  acrylonitrile  to  acry¬ 
lonitrile  radical  should  be  reduced  by 
electrostatic  repulsion  to  values  smaller 
than  those  expected  on  the  basis  of  the 
mean  reactivities  of  the  monomers;  like¬ 
wise,  the  rate  of  styrene  adding  to  acry¬ 
lonitrile,  and  vice  versa,  should  be  in¬ 
creased  by  electrostatic  attraction  beyond 
the  values  expected  on  the  basis  of  mean 
monomer  reactivities  alone. 

(5)  It  is  now  clear  why  the  separate 
polymerization  behavior  of  individual 
monomers  is  a  poor  guide  to  their  copoly¬ 
merization  behavior.  Styrene  monomer  is 
a  reactive  monomer,  but  the  styrene-free 
radical  is  a  stable,  unreactive  radical. 

Vinyl  acetate  monomer  is  (relative  to 
styrene)  an  unreactive  monomer,  but  the 
vinyl  acetate  free  radical  is  unstable  and 
reactive. 

These  two  effects  tend  to  compensate 
one  another.  The  self-growth  of  styrene 
(unreactive  radical  -\-  reactive  monomer) 
may  be  quite  comparable  in  rate  with  the 
self -growth  of  vinyl  acetate  (reactive  radi¬ 
cal  -f-  unreactive  monomer).  But  when 
vinyl  acetate  monomer  and  styrene 
monomer  must  compete  for  the  same  free 
radicals  (as  in  copolymerization),  the 
greater  reactivity  of  the  styrene  is  very 
evident. 
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CONFERENCES  HELD 


SECTION  OF  PSYCHOLOGY 

CONFERENCE  ON 
“HUMAN  ENGINEERING”: 

MAY  10  AND  11,  1948 

The  Section  of  Psychology  held  a  Con¬ 
ference  on  “Human  Engineering.”  Doc¬ 
tor  Lawrence  E.  Abt,  Research  Division, 
College  of  Engineering,  New  York  Uni¬ 
versity,  New  York,  N.  Y.,  was  the  Con¬ 
ference  Chairman  in  charge  of  the  meeting. 

The  program  consisted  of  the  following 
papers : 

Monday,  May  10 

Morning  Session.  Chairman,  Jack  W. 
Dunlap,  Dunlap,  Morris  and  Associates, 
Inc.,  New  York,  N.  Y. 

“Introductory  Remarks,”  by  the  Con¬ 
ference  Chairman. 

“A  Program  of  Human  Engineering  Re¬ 
search,”  by  Leonard  C.  Mead,  Special 
Devices  Center,  Office  of  Naval  Research, 
Sands  Point,  L.  I.,  N.  Y. 

“Handbooks  of  Human  Engineering 
Data,”  by  John  L.  Kennedy,  Institute  of 
Applied  Experimental  Psychology,  Tufts 
College,  Medford,  Massachusetts. 

Afternoon  Session.  Chairman,  Leonard 
C.  Mead,  Office  of  Naval  Research,  Sands 
Point,  L.  I.,  N.  Y. 

“Problems  Relating  to  Air  Crews  in  Air 
Transport  Design,”  by  Ross  A.  McFarland, 
Research  Division,  Graduate  School  of 
Business  Administration,  Harvard  Uni¬ 
versity,  Cambridge,  Massachusetts. 

“Some  Considerations  in  Aero-Medical 
Research,”  by  Lynn  S.  Beals,  Jr.,  Special 
Devices  Center,  Office  of  Naval  Research, 
Sands  Point,  L.  I.,  N.  Y. 

“Human  Efficiency  as  a  Function  of 
Light  and  Illumination,”  by  Henry  H. 
Hausner,  College  of  Engineering,  New 
York  University,  New  York,  N.  Y. 

“Theory  and  Methods  for  Analyzing 
Errors  in  Man-Machine  Systems,”  by  Al¬ 
phonse  Chapanis,  Department  of  Psy¬ 
chology,  The  Johns  Hopkins  University, 
Baltimore,  Maryland. 

“Better  Cockpit  Lighting,”  by  Clifford 


P.  Seitz,  Special  Devices  Center,  Office  of 
Naval  Research,  Sands  Point,  L.  I.,  N.  Y. 

Tuesday,  May  11 

Morning  Session.  Chairman,  Renato 
Contini,  College  of  Engineering,  New  York 
Uni\  c.sity.  New  York,  N.  Y. 

“The  Basic  Pattern  of  Human  Locomo¬ 
tion,”  by  Herbert  Elftman,  College  of 
Physicians  and  Surgeons,  Columbia  Uni¬ 
versity,  New  York,  N.  Y. 

“An  Evaluation  of  Experimental  Pro¬ 
cedures  Used  in  a  Fundamental  Study  of 
Human  Locomotion,”  by  Howard  D.  Eber- 
hardt  and  Verne  T.  Inman,  University  of 
California,  Berkeley,  California. 

“Recent  Developments  in  Lower  Ex¬ 
tremity  Prostheses,”  by  John  Catranis, 
Catranis,  Inc.,  Syracuse,  N.  Y. 

“Biomechanical  Studies  of  the  Upper 
Limbs,”  by  Craig  L.  Taylor  and  A. 
Blaschke,  Department  of  Engineering, 
University  of  California,  Los  Angeles,  Cali¬ 
fornia. 

“Human  Engineering  Problems  in  Serv¬ 
ice  Testing  of  Prosthetic  Devices,”  by 
Lawrence  E.  Abt,  Research  Division,  Col¬ 
lege  of  Engineering,  New  York  University, 
New  York,  N.  Y. 

“A  Preliminary  Experiment  on  the 
Effect  of  Instrument  Size  and  Graduation  I 
on  the  Speed  and  Accuracy  of  Scale  Read¬ 
ing,”  by  William  E.  Kappauf  and  William 
M.  Smith,  Department  of  Psychology,  j 
Princeton  University,  Princeton,  N.  J.  | 

SECTION  OF  BIOLOGY  t 

( 

CONFERENCE  ON 

“NEWER  SYNTHETIC  ANALGESICS”: 

MAY  14  AND  15,  1948 

The  Section  of  Biology  held  a  Confer¬ 
ence  on  “Newer  Synthetic  Analgesics.” 
Doctor  M.  L.  Tainter,  Sterling- Winthrop 
Research  Institute,  Rensselaer,  N.  Y.,  was 
the  Conference  Chairman  in  charge  of 
the  meeting.  ^ 

The  program  consisted  of  the  following 
papers: 

-  ^ 
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Friday,  May  14 

Morning  Session.  “Greetings  and  His¬ 
torical  Introduction”  by  the  Conference 
Chairman. 

“Chemistry  of  Natural  and  Synthetic 
Analgesics,”  by  Lyndon  F.  Small,  National 
Institute  of  Health,  Bethesda,  Maryland. 

“Experimental  Methods  for  Studying 
Analgesia,”  by  Carl  C.  Pfeiffer,  University 
of  Illinois,  College  of  Medicine,  Chicago, 
Illinois. 

“A  Critique  of  Analgesic  Testing 
Methods,”  by  Lloyd  C.  Miller,  Sterling- 
Winthrop  Research  Institute,  Rensselaer, 
N.  Y. 

Afternoon  Session.  Chairman,  Ray- 

Imond  N.  Bieter,  University  of  Minnesota, 
Medical  School,  Minneapolis,  Minnesota. 

“Pharmacology  of  Metopon  and  Other 
New  Analgesic  Opium  Derivatives,”  by 
Nathan  B.  Eddy,  NationgJ  Institute  of 
Health,  Bethesda,  Maryland. 

“Pharmacology  of  Demerol  and  its 
Analogues,”  by  Frederick  F.  Yonkman, 
Ciba  Pharmaceutical  Products,  Inc.,  Sum¬ 
mit,  N.  J. 

I!  “Pharmacology  of  Methadon  and  Re- 

j  lated  Compounds,”  by  K.  K.  Chen,  The 
t  Lilly  Research  Laboratories,  Indianapolis, 

(Indiana. 

Saturday,  May  15 

Morning  Session.  Chairman,  Hans 
Molitor,  Merck  Institute  for  Therapeutic 
!  Research,  Rahway,  N.  J. 

I  “Animal  Experimentation  in  Studying 

■  Addiction  to  the  Newer  Synthetic  Anal¬ 
gesics,”  by  M.  H.  Seevers,  Department  of 
Pharmacology,  University  of  Michigan, 
Ann  Arbor,  Michigan. 

“Methods  and  Results  of  Studying 
Experimental  Human  Addiction  to  the 
Newer  Synthetic  Analgesics,”  by  Harris 
Isbell,  U.  S.  Public  Health  Service,  Federal 
Security  Agency,  Lexington,  Kentucky. 

“The  Importance  of  Addiction  to  the 
New  Synthetic  Analgesic  in  Human 
Therapy,”  by  Robert  C.  Batterman,  New 
York  University,  College  of  Medicine, 
New  York,  N.  Y. 

“The  Federal  Food,  Drug  and  Cosmetic 


Act  and  New  Analgesic  Drugs,”  by  E.  E. 
Nelson,  Food  and  Drug  Administration, 
Federal  Security  Agency,  Washington, 
D.  C. 

“Regulatory  Problems  Under  the  Nar¬ 
cotic  Law  of  the  New  Analgesics,”  by 
H.  J.  Anslinger,  Commissioner  of  Nar¬ 
cotics,  Bureau  of  Narcotics,  Treasury 
Department,  Washington,  D.  C. 

Afternoon  Session.  Chairman,  E.  A. 
Rovenstine,  New  York  University,  College 
of  Medicine,  New  York,  N.  Y. 

“Use  of  the  New  Synthetic  Analgesics  in 
Internal  Medicine,”  by  Raymond  N. 
Bieter,  University  of  Minnesota,  Minne¬ 
apolis,  Minnesota. 

“Use  of  the  New  Synthetic  Analgesics 
in  Surgery,”  by  E.  A.  Rovenstine. 

“Use  of  the  New  Synthetic  Analgesics 
in  Obstetrics,”  by  Bert  B.  Hershenson, 
Boston  Lying-in  Hospital,  Boston,  Massa¬ 
chusetts. 

“Preliminary  Experiences  in  the  Use  of 
Some  of  the  Newer  Analgesics  in  the 
Relief  of  Pain  Due  to  Cancer,”  by  R.  L. 
Houde,  L.  H.  Rasmussen,  J.  S.  LaDue,  and 
Frederick  S.  Phillips,  The  Sloan-Kettering 
Institute  for  Cancer  Research,  New  York, 
N.  Y. 

CONFERENCE  ON  “ANTIBIOTICS  DE¬ 
RIVED  FROM  BACILLUS  POLYMYXA”: 

MAY  21  AND  22,  1948 

The  Section  of  Biology  held  a  Confer¬ 
ence  on  “Antibiotics  Derived  from  Bacillus 
polymyxa.”  Doctor  Perrin  H.  Long,  The 
Johns  Hopkins  University  School  of  Medi¬ 
cine,  Baltimore,  Maryland,  was  the  Con¬ 
ference  Chairman  in  charge  of  the 
meeting. 

The  program  consisted  of  the  following 
papers: 

Friday,  May  21 

Afternoon  Session.  “Introductory  Re¬ 
marks”  by  the  Conference  Chairman. 

“Historical  Aspects,”  by  P.  G.  Stansly, 
Stamford  Research  Laboratories,  Ameri¬ 
can  Cyanamid  Company,  Stamford,  Con¬ 
necticut. 

“Production  and  Isolation  of  Poly¬ 
myxin,”  by  J.  N.  Porter,  G.  Krupka,  and 
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R.  Broschard,  Lederle  Laboratories  Divi¬ 
sion,  American  Cyanamid  Company, 
Pearl  River,  N.  Y. 

“Effect  of  Various  Factors  on  the  Pro¬ 
duction  of  Polymyxin,”  by  R.  G.  Benedict 
and  F.  H.  Stodola,  Fermentation  Division, 
Northern  Regional  Research  Laboratory, 
Peoria,  Illinois. 

“Aerosporin,  Introduction,”  by  G. 
Brownlee,  The  Wellcome  Physiological 
Laboratories,  Kent,  England. 

“Comparative  Biological  Studies  of 
Polymyxin  and  Aerosporin,”  by  H.  J. 
White,  C.  Alverson,  M.  J.  Baker,  and  E.  R. 
Jackson,  Stamford  Research  Laboratories, 
American  Cyanamid  Company,  Stamford, 
Connecticut. 

“Comparative  Biological  Studies  of 
Aerosporin  and  Polymyxin,”  by  G.  Brown¬ 
lee,  S.  R.  M.  Bushby,  and  I.  E.  Short,  The 
Wellcome  Physiological  Research  Labora¬ 
tories,  Kent,  England. 

Evening  Session.  “Chemical  Compari¬ 
son  of  Polymyxin  and  Aerosporin,”  by 
P.  H.  Bell,  J.  P.  English,  R.  G.  Shepherd, 
R.  Winterbottom,  J.  F,  Bone,  C.  E.  Fel¬ 
lows,  K.  S.  Howard,  and  M.  M.  Rogers, 
Stamford  Research  Laboratories,  Ameri¬ 
can  Cyanamid  Company,  Stamford,  Con¬ 
necticut  ;  and  A.  C.  Dornbush,  S.  Kushner, 
and  Y.  Subba  Row,  Lederle  Laboratories 
Division,  American  Cyanamid  Company, 
Pearl  River,  N.  Y. 

“Comparative  Chemical  Studies  of 
Aerosporin  and  Polymyxin,”  by  J.  R. 
Catch,  T.  S.  G.  Jones,  and  S.  Wilkinson, 
The  Wellcome  Physiological  Research 
Laboratories,  Kent,  England. 

“Infrared  Studies,”  by  R.  C.  Gore, 
Stamford  Research  Laboratories,  Ameri¬ 
can  Cyanamid  Company,  Stamford,  Con¬ 
necticut. 

“Pharmacology  of  Polymyxin,”  by 
Morton  F.  Bryer,  Emanuel  S.  Schoenbach, 
and  Eleanor  A.  Bliss,  The  Johns  Hopkins 
University  School  of  Medicine,  Baltimore, 
Maryland. 


Saturday,  May  22 

Morning  Session.  “Pharmacology  of 
Aerosporin,”  by  G.  Brownlee,  S.  R.  M. 
Bushby,  and  I.  E.  Short,  The  Wellcome 
Research  Laboratories,  Kent,  England. 

“Polymyxin  Assay  Procedures,”  by  E.  T. 
Reese  and  G.  M.  Eisenberg,  J.  T.  Baker 
Chemical  Company,  Phillipsburg,  N.  J. 

“A  Simple  Assay  Method  for  Polymyxin 
in  Blood  and  Urine,”  by  P.  G.  Stansly, 
Stamford  Research  Laboratories,  Ameri¬ 
can  Cyanamid  Company,  Stamford,  Con¬ 
necticut. 

“Experimental  Treatment  of  Brucella 
suis  in  Guinea  Pigs  with  Polymyxin,”  by 
C.  Larson  and  B.  N.  Carle,  National  Insti¬ 
tute  of  Health,  Bethesda,  Maryland. 

“The  Clinical  Use  of  Polymyxin,”  by 
Emanuel  S.  Schoenbach,  Morton  S.  Bryer, 
and  Perrin  H.  Long,  The  Johns  Hopkins 
University  School  of  Medicine,  Baltimore, 
Maryland. 

“Remarks  on  Clinical  Results  with 
Aerosporin,”  by  G.  Brownlee,  The  Well¬ 
come  Physiological  Research  Laboratories, 
Kent,  England. 

CONFERENCE  ON  “THE  MECHANISMS 
OF  CELL  DIVISION”:  MAY  28  AND  29, 
1948 

The  Section  of  Biology  held  a  Confer¬ 
ence  on  “The  Mechanisms  of  Cell  Divi¬ 
sion.”  Doctor  M.  J.  Kopac,  New  York 
University,  New  York,  N.  Y.,  was  the  Con¬ 
ference  Chairman  in  charge  of  the 
meeting. 

The  program  consisted  of  the  following 
papers : 

Friday,  May  28 

Morning  Session.  Chairman,  Robert 
Chambers,  Marine  Biological  Laboratory, 
Woods  Hole,  Massachusetts,  and  New 
York  University,  New  York,  N.  Y. 

“Cleavage  in  Marine  Eggs,”  by  Edwin 
G.  Conklin,  Princeton  University,  Prince¬ 
ton,  N.  J. 

“Cell  Division  with  Special  Reference 
to  Cells  in  Tissue  Culture,”  by  Warren 
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H.  Lewis,  Wistar  Institute  of  Anatomy  and 
Biology,  Philadelphia,  Pennsylvania. 

“Cytoplasmic  Changes  During  Cell 
Division  with  Reference  to  Mitochondria 
and  the  Golgi  Substance,”  by  A.  J.  Dalton, 
National  Cancer  Institute,  Bethesda, 
Maryland. 

“Experimental  Control  of  Fission  in 
Amoeba  proteus”  by  H.  W.  Chalkley, 
National  Cancer  Institute,  Bethesda, 
Maryland. 

Afternoon  Session.  Chairman,  E.  New¬ 
ton  Harvey,  Princeton  University  Prince¬ 
ton,  N.  J. 

“Structural  and  Kinetic  Aspects  of  Cell 
Division  as  Revealed  by  Micrurgical 
Methods,”  by  Robert  Chambers,  Labora¬ 
tory  of  Experimental  Cell  Research, 
Marine  Biological  Laboratory,  Woods 
Hole,  Massachusetts. 

“The  Action  of  Hydrostatic  Pressure  on 
Cell  Division,”  by  Douglas  Marsland, 
New  York  University,  New  York,  N.  Y. 

“Cleavage  in  Centrifuged  Eggs  and  in 
Parthenogenetic  Merogones,”  by  Ethel 
Browne  Harvey,  Princeton  University, 
Princeton,  N.  J. 

“The  Effects  of  Ultracentrifugal  Force 
on  the  Cell,  witli  Special  Reference  to  Cell 
Division,”  by  H.  W.  Beams,  State  Uni¬ 
versity  of  Iowa,  Iowa  City,  Iowa. 

Saturday,  May  29 

Morning  Session.  Chairman,  Austin  M. 
Brucs,  Argonne  National  Laboratory, 
Chicago,  Illinois. 

“The  Action  of  Colchicine  on  Cell 
Division  in  Human  Cancer,  Animal  and 
Plant  Tissues,”  by  Michael  Levine,  Monte- 
fiore  Hospital,  New  York,  N.  Y. 


“The  Inhibition  of  Cell  Division  by 
Substituted  Phenols,  witli  Special  Refer¬ 
ence  to  the  Metabolism  of  Dividing  Cells,” 
by  G.  H.  A.  Clowes,  Lilly  Research 
Laboratories,  Indianapolis,  Indiana. 

“The  Action  of  Nitrogen  Mustards  and 
Related  Substances  on  Cell  Division,”  by 
Jonas  S.  Friedenwald,  Wilmer  Ophthal- 
mological  Institute,  Johns  Hopkins  Hospi¬ 
tal,  Baltimore,  Maryland. 

“The  Action  of  Podophyllin  and  its 
Fractions  on  Marine  Eggs,”  by  Ivor  Corn- 
man,  Sloan-Kettering  Institute  for  Cancer 
Research,  New  York,  N.  Y. 

“The  Effects  of  Some  Mitotic  Inhibitors 
on  Tumor  Cells,”  by  Ross  C.  MacCardle, 
National  Cancer  Institute,  Bethesda, 
Maryland. 

Afternoon  Session.  Chairman,  G.  Failla, 
Columbia  University,  New  York,  N.  Y. 

“The  Effects  of  External  and  Internal 
Radiation  on  Cell  Division,”  by  Austin  M. 
Brues,  Argonne  National  Laboratory, 
Chicago,  Illinois. 

“The  Effects  of  Ultraviolet  Radiation 
on  Cell  Division,”  by  Alexander  Hol- 
laender.  Oak  Ridge  National  Laboratory, 
Oak  Ridge,  Tennessee. 

“Radiation  Sensitivity  of  Cells  During 
Mitotic  and  Meiotic  Cycles,  with  Em¬ 
phasis  on  Possible  Cytochemical  Changes,” 
by  Arnold  H.  Sparrow,  Brookhaven 
National  Laboratory,  Associated  Uni¬ 
versities,  Inc.,  Upton,  Long  Island,  N.  Y. 

“The  Probable  Significance  of  Ultra¬ 
structures  in  Cell  Division — a  Resume,”  by 
M.  J.  Kopac,  New  York  University, 
New  York,  N.  Y. 
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